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ADVERTISEMENT 


THE     SECOND     VOLUME. 


It  is  three  years  since  the  First  Volume  of  the  Treatise  on 
Electricity  in  Theory  and  Practice  appeared.  This  long  in- 
terval,  which  has  elapsed  between  the  publication  of  thèse 
two  volumes,  is  due  to  the  désire,  that  I  hâve  entertained,  of 
not  allowing  the  Second  to  appear,  until  after  my  having 
succeeded  in  giving  a  satisfactoiy  theory  of  the  voltaic  pile. 
I  hope  to  hâve  solved  this  difficult  and  contested  question, 
in  a  manner  that  will  be  accepted  by  ail  who  hâve  turned 
their  attention  to  it 

I  hâve  also  to  justify  myself  on  another  point  ;  it  is  the 
necessity  in  which  I  am  placed  of  publishing  a  Supplementary 
Volume.  The  very  great  development,  that  I  hâve  felt  it 
necessary  to  give  to  the  subjects  discussed  in  this  volume,  on 
account  of  their  importance,  and  of  the  very  great  numbers  ot 
works  of  which  they  hâve  been  the  object,  hâve  rendered 
it  impossible  for  me  to  include  in  it  the  Applications  of  Elec- 
tricity. I  hâve  therefore  determined  to  dévote  to  them  a 
supplementary  volume,  which  will  enable  me  to  give  to  them 
the  extension,  which  they  merit 

This  change  in  my  original  plan  has  led  me  to  introduce 
a  second  change,  namely,  the  addition  of  a  new  Part  to  the 
Six  of  which  the  Treatise  should  hâve  consisted.  This  part, 
which    will  be   the   Slvth, — the  applications   becoming  the 
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VI  ADVERTI8EMENT    TO   THE    SECOND   VOLUME. 

Seventh, —  wîll  hâve  for  its  object  The  Relations  of  Electrkity 
to  Natural  Phenomena,  and  will  be  at  the  head  of  the  supple- 
mentary  volume.  It  may  be  considered  as  being  as  it  were 
a  kind  of  application  of  the  electric  théories  and  pheno- 
mena, explained  in  the  first  two  volumes.  It  will  contain 
the  study  of  the  electricity  produced  by  physiological  actions 
both  in  animais  as  well  as  in  vegetables,  that  of  atmospheric 
electricity  and  of  terrestrial  magnetism,  as  well  as  the  me- 
teorological  phenomena,  that  dépend  upon  them. 

Undoubtedly  the  points,  that  I  hâve  been  advancing, 
might  hâve  been  treated  upon  in  the  Chapter,  devoted  to  the 
Sources  of  Electricity  ;  but,  independently  of  the  impossi- 
bility  there  would  hâve  been,  had  I  decided  upon  this  plan, 
of  entering  with  sufficient  development  into  the  natural  phe- 
nomena, with  which  they  are  connected,  it  is  at  the  same 
time  more  rational  and  more  advantageous  to  dévote  to 
them  a  spécial  part  of  this  Treatise.  Indeed  the  question  is 
not  of  sources  of  the  same  kind  as  caloridc,  mechanical,  and 
chemical  actions  ;  they  are  electric  manifestations,  due  to  the 
setting  in  action  directly  by  nature  herself  of  probably  the 
same  forces,  but  under  différent  forms,  as  those  by  means  of 
which  the  hand  of  man  produces  electricity.  Thèse  are  there- 
fore  complex  phenomena,  the  study  of  which  is  rather  an 
application,  as  we  hâve  said,  than  a  continuation  of  that 
of  electric  sources. 

The  supplementary  volume  therefore  will  contain  Two 
Parts  devoted,  one  to  the  Relations  of  Electricity  with 
Natural  Phenomena,  the  other  to  the  applications  properly  so 
called,  either  to  the  art  of  healing,  or  to  the  chemical  or  the 
mechanical  arts.  It  will  appear  in  the  course  of  the  year 
1856. 

Geneva,  November,  1855. 
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TREATISE    ON    ELECTRICITY 


THEORY  AND  PRACTICE. 


APPENDIX 


THE    FIFTH    AND    SIXTH    CHAPTERS    OF   THE 
THIRD    PART. 

Before  entering  upon  the  Fonrth  Part  of  this  treatise,  which 
treats  of  the  phenomena,  that  arise  from  the  transmission 
of  ehctricity  ihrough  différent  média,  we  hâve  some  important 
additions  to  make  to  certain  of  the  subjects,  that  hâve  been 
discussed  in  the  Third  Part  Thèse  additions,  which  hâve 
been  called  for  on  account  of  the  progress,  that  has  been 
made  in  the  science  during  the  interval  that  has  elapsed 
between  the  publication  of  the  first  and  second  volumes  of 
this  treatîse,  are  indispensable  for  the  compréhension  of  the 
remainder  of  the  work.  They  relate,  first,  to  the  Laws  that 
regulate  the  Mutual  Action  of  Electric  Currents  ;  secondly,  to 
the  Phenomena  of  Induction  ;  thirdly,  to  the  Action  of  the 
•  Magnet  upon  ail  Bodies. 

I.  Addition  to  the  Laws  that  regulate  the  Mutual  Action  of 
Electric  Currents. 

Ampère,  setting    ont  from    the   law  that    régulâtes  the 

VOL.  II.  B       {. 
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2  MAGNETI8M  AND  ELECTRTC   CUBRENTS. 

mutual  action  of  two  electric  currents,  was  led,  by  means  of 
calculation,  to  connect  with  the  same  principle  the  action  of 
magnets  upon  each  other,  and  the  mutual  action  of  electric 
currents  and  magnets.  Having  realised  by  experiment 
certain  cases  of  equilibrium,  to  which  he  had  been  led  by  ma- 
thematical  analysis,  he  succeeded  in  finding  the  elementary 
law  of  the  mutual  action  of  two  infinitely  small  portions  of 
electric  currents,  and  in  establishing,  with  M.  Savary,  the 
identity  between  a  magnet  and  a  solenôid,  that  is  to  say,  an 
assemblage  of  closed  electric  currents,  ail  moving  in  the  same 
direction,  and  perpendicular  to  a  common  rectilinear  or  cur- 
vilinear  axis. 

Ampère's  theory,  however,  failed  in  certain  points  of  direct 
expérimental  démonstration.  M.  Weber  succeeded  in  filling 
up  this  gap,  demonstrating  by  certain  expérimenta,  which 
were  as  accurate  as  they  were  délicate,  the  complète  identity 
between  the  laws  that  regulate  the  mutual  action  of  two  so- 
lenoids,  and  those  to  which  the  mutual  action  of  two  magnets 
is  subject,  This  important  resuit  has  been  the  means  of  re- 
moving  ail  doubts,  that  might  still  hâve  remained,  as  to  the 
accuracy  of  Ampère's  theory,  and  consequently  has  given  to 
it  a  degree  of  probability,  which  approaches  almost  to  cer- 
tainty. 

Weber's  apparatus  is  composed  of  two  rings,  formed 
of  copper-wires  covered  with  silk,  and  arranged  with  perfect 
regularity.  The  interior  of  one  of  the  rings  contains  a  space 
sufficiently  large  for  the  other  to  move  freely  within  it 
When  an  electric  current  is  sent  through  the  wire  of  each  of 
the  two  rings,  the  fixed  one,  which  is  the  outer  of  the  two, 
tends  to  make  the  inner  and  movable  one  turn  with  a  force 
that  is  at  its  maximum  when  their  two  centres  coincide  and 
the  planes  of  their  currents  are  perpendicular  to  each  other. 
The  diameter  of  the  two  rings  is  the  axis  of  rotation  ;  it  lias 
a  vertical  direction.  The  movable  ring  is  supported  by  two 
very  fine  wires,  each  of  which  supports  only  one-half,  so  as 
to  be  in  an  equal  state  of  tension.  Thèse  wires,  which  are  con- 
nected  at  their  lower  ends  with  the  two  ends  of  the  wire  of 
the  movable  ring,  serve  to  transmit  the  current  to  it,  by  means 
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of  the  two  métal  supports  to  whîch  they  are  attached  at  their 
upper  extremities  ;  the  arrangement  of  the  conductors  is  such 
as  to  allow  also  of  the  wire  of  the  fixed  ring  being  placed  in 
the  circuit,  without  the  slightest  friction  arising  to  disturb  the 
motion  of  the  movable  ring. 

The  two  suspending  wires  serve  also  to  measure  the  force 
with  which  the  two  rings  act  upon  each  other  ;  seeing  that 


Fig.  170. 


Fig.  171. 


B    2 
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every  time  the  movable  ring  is  displaced  in  a  certain  angle,  a 
movement  of  rotation  is  produced,  proportional  to  the  sine  of 
this  angle.  This  is  an  application  of  the  principle  that 
Gauss  employed  in  the  bifilar  magnetometer,  which  we  shall 
describe  in  the  chapters  on  Terrestrial  Magnetism.  The 
movable  ring  carries  a  mirror,  which  serves  to  measure  small 
angles,  by  means  of  a  fixed  division  that  is  reflected,  and  then 
observed  by  means  of  a  small  télescope.  Figs.  170.  and  171. 
represent  two  vertical  sections  of  Weber's  apparatus,  at  right 

angles  to  each  other;  and/^. 
172.  a  horizontal  section  of  the 
instrument,  seen  from  above, 
downwards.  The  two  suspend- 
ing  wires  originating  at  the 
bobbin  B,  which  they  support, 
rest  against  two  small  métal  pul- 
lies,  a  and  a,  and  are  secured 
around  two  small  stems,  &  and  &, 
fixed  in  an  ivory  pulley,  B. 
This  pulley  may  be  lowered  or 
raised,  by  means  of  the  screw, 
e  éy  which  moves  in  the  nut//,  so  that  the  movable  ring  may 
be  brought  into  the  most  convenient  position,  in  respect  to  the 
fixed  one,  in  the  middle  of  which  it  is  suspended,  and 
of  which  m  m' represents  a  transverse  section.  The  pulley  B, 
which  is  movable  around  a  central  pivot,  is  held  in  equilibrio 
by  means  of  the  mutual  action  that  is  exerted  at  b  and  b'9  by 
the  two  wires  that  support  the  movable  ring,  the  weight  of 
which  is  thus  uniformly  distributed  between  the  two  wires. 
The  mirror  n  n,  and  its  counterpoise  p  p,  are  erected  outside 
the  frame  of  the  fixed  ring,  which  requires,  in  order  to  avoid 
the  agitation  of  the  air,  that  ail  the  apparatus  shall  be 
enclosed  in  a  wooden  case,  provided  with  two  large  open- 
ings,  closed  by  a  plate  of  glass,  so  that  the  movements  of  the 
mirror  may  be  followed  ;  its  upper  part  is  also  of  glass,  and 
allows  of  the  passage  of  a  tube,  in  which  the  suspending 
wires  are  contained,  and  enables  the  circular  division  to  be 
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seen  as  well  as  the  index  i  i,  that  is  carried  by  the  movable 
ring.  (Vide  fig.  172.)  The  second  vertical  section  (Jig. 
171.),  enables  us  readily  to  trace  the  course  of  the  crurent; 
the  four  métal  knobs  u  u',  z  and  z*>  fixed  against  the  wooden 
case,  are  used  for  closing  the  circuit  ;  u  and  u,  are  in  com- 
munication with  the  two  extremities  of  the  wire  of  the  fixed 
ring,  in  such  a  manner  that  the  current  setting  out  from  u9 
arrives  at  «',  and  after  having  traversed  this  wire,  it  ascends 
along  the  wire  g  g,  arrives  at  the  screw  e  e,  then  to  the  little 
pulley  a  9  whence  it  descends  along  the  suspension  wire  into 
the  movable  ring,  passes  thence  to  the  second  suspension  wire, 
from  which  it  reaches  the  pulley  a,  and  thence,  by  the  second 
screw  c  c,  to  the  wire  g  g9  and  to  the  button  z,  which  is  in 
communication  with  the  négative  pôle  of  the  battery.  If 
thèse  conductors  are  suitably  combined,  by  means  of  the 
four  knobs,  we  can  easily  change  the  direction  of  the 
current  in  one  of  the  rings  alone,  on  in  both. 

We  should  add  that  the  wire  of  the  movable  ring  is 
656  ft.  in  length,  and  makes  1200  convolutions  ;  and  that 
of  the  fixed  ring  984  ft  making  only  900  convolutions. 
The  two  suspension  wires,  which  are  very  fine,  are  of  silver 
and  hâve  been  heated  to  redness  ;  they  are  a  little  over 
19£  in.  in  length  from  the  ring  to  the  pullies  a  and  a\ 

The  first  law  that  Weber  established  by  this  apparatus, 
which  he  calls  a  Dynamometer,  is,  that  tlie  electro-dynamic 
force  prodneed  by  the  reciprocal  action  of  two  conducting  wires, 
which  are  transmitting  currenU  ofequal  inteneity,  is  proportional 
to  the  square  of  their  intensity.  The  following  are  the  ex- 
periments  that  lead  to  this  law.  Three  currents  of  différent 
intensities,  produced  successively  by  3,  2,  and  1  pair  of 
Grove's,  are  passed  through  the  two  wires  of  the  dynamometer 
(Fig.  170.)  ;  and  simultaneous  observations  are  made  of  the 
déviations  of  the  dynamometer  and  those  of  a  galvanometer 
placed  at  the  same  time  in  the  circuit.  After  having  worked 
out  the  necessary  réductions,  the  following  are  the  mean 
values  of  the  inductions  of  the  two  instruments  :  — 
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No.ofPfcin. 

Indications 

of  the  Dynatnometer. 

of  the  Golvanometer. 

3 
2 

1 

440-038 

198-255 

50-915 

108-426 
72-398 
36-932 

Thèse  observations  hâve  been  reduced,  so  that  the  first 
gîves  a  measure  of  the  electro-dynamic  force,  with  which 
the  two  conductors  of  the  dynamometer  act  upon  each  other 
when  currents  of  the  same  intensity  are  made  to  pass 
through  them,  whilst  the  second  gives  a  measure  of  this 
intensity  itself.  If  v  represents  the  dynamo- metric  indi- 
cations, and  p,  the  galvano-metric  indications,  we  hâve  p  = 
5*19534  v/P;  if  we  actually  calculate  firom  this  formula 
the  value  of  p,  by  means  of  those  obtained  from  P,  we 

obtain  : 

;>==  108-144 
72-589 
36*786  ; 

numbers  which,  in  respect  of  the  value  of  p9  are  as  near 
to  those  furnished  by  experiment  as  is  possible  within  the 
limits  of  the  accuracy  that  can  be  given  to  experiment  So 
that  the  law  given  above  is  properly  the  resuit  of  the  inter- 
prétation of  expérimental  data, 

The  second  law  established  in  a  direct  manner  by  Weber, 
and  which  had  only  been  indirectly  established  by  Ampère, 
is  that  electro^ynamic  actions  are  governed,  in  respect  to  dis- 
tance, by  the  same  laws  as  magnetic  actions.  In  order  to  arrive 
at  this  law,  we  must  hâve  the  means  of  varying  the  distance 
of  the  movable  ring,  in  respect  to  the  fixed  ring;  the 
movable  ring  is,  in  this  case,  exterior,  and  the  respective 
distances  of  the  two  rings  is  measured  by  the  distance  of 
their  two  centres;  and  it  is  necessary  also  to  measure  the 
angle  formed  by  the  right  line  passing  through  the  two 
centres  with  the  axis  of  the  movable  ring  ;  thèse  two  Unes 
are  always  in  the  same  horizontal  plane.  Four  directions 
hâve  been  chosen,   corresponding  with  the   four  cardinal 
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points;  which  signifies  that  if  the  axis  of  the  movable  ring 
ia  supposed  to  be  adjusted  according  ta  the  magnetic  meri- 
dian,  as  the  axis  of  a  magnetic  needle  would  be,  the  centre 
of  the  fixed  ring  is  found  to  be  deflected,  in  regard  to  that 
of  the  movable  ring,  sometimes  in  the  direction  of  the 
magnetic  meridian,  either  from  south  to  north,  or  firom 
north  to  south  ;  sometimes  in  a  direction  perpendicular  to  this 
meridian,  from  west  to  east,  or  from  east  to  west.  In  each 
of  thèse  four  directions,  the  two  rings,  or  rather  their  two 
centres,  are  arranged  at  différent  distances  from  each  other. 
Care  was  taken  that  the  same  current  that  passed  through 
the  dynamometer  was  also  transmitted  through  the  galva- 
nometer,  in  order  that  the  observations  made  with  the 
former  instrument  might  be  reduced  to  the  same  intensity 
of  current,  by  making  use  of  the  first  law  already  demon- 
stratecL  The  following  is  a  Table,  presenting  an  abridged 
summary  of  means,  reduced  to  the  same  intensity,  that 
had  been  obtained  in  the  différent  cases  observed.  The 
first  column  contains  the  numbers  expressing  the  distances 
between  the  centres  of  the  two  rings,  and  the  others  hâve  at 
their  head  the  indication  of  the  angle  formed  by  the  right 
Une  which  joins  the  two  centres  with  the  axis  of  the  movable 
ring  set  in  the  direction  of  the  magnetic  meridian. 


Distance*  in 

North, 

Eut, 

South, 

West, 

loches. 

0°. 

90°. 

1*0°. 

270». 

0 

22960 

22960 

22960 

22960 

11-29 

77-14 

18924 

7706 

190-62 

15-72 

3478 

77-61 

34-77 

77-28 

1965 

•     1817 

3937 

18-30 

3916 

23-58 

- 

22-53 

- 

22-38 

It  is  évident  that  in  the  case  where  the  distance  is  0, 
namely,  when  the  centres  of  the  two  rings  coïncide,  there 
can  be  no  différence  arising  from  the  angle  made  with  the  axis 
of  the  movable  ring  by  the  line  that  joins  the  centres  of  the 
two  rings,  since  this  line  is  reduced  to  a'  point  situated  on 
the  axis. 

This  table  shows  us  also  that  the  results  obtained  for  the 
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same  distance,  bat  in  directions  âiametrîcally  opposed,  suffi- 
ciently  agrée  with  each  other  to  authorîse  our  finding  in 
this  agreement  a  gnarantee  of  accuracy  in  the  observations. 
By  snpposing  thèse  values  equal,  two  and  two,  and  taking 
their  mean,  we  obtain  the  following  table,  in  which  the 
divisions  of  the  arbitrary  scale  aie  transformed  into  degrees, 
minutes,  and  seconds,  B  being  the  distance,  V  and  V  being 
respectively  tbe  angles  of  déviation. 


R 

V 

V 

OS 
0-4 
0-5 
06 

0°     4^    22" 
0°     20'       8" 
0°     10T     12" 
0°       5'    50" 

0°     20*      3" 
0°       &      2" 
0°       4'     44'' 

According  to  the  fondamental  principle  of  electro-dyna- 
mics,  the  tangents  of  the  angles  of  déviation  should  be 
developed,  according  to  the  inverse  powers  of  the  distance, 
which  gives  : 

tang.  v  =  a  R  ~  *  +  6  R  ~  * 
tang.  v,  =  ^aB""8  +cR'3. 

In  thèse  formulas  a,  b,  and  c,  are  the  constants,  that  must 
be  supplied  by  observation;  if  in  the  case  before  us,  we 
suppose: 

tang-  v  =  0-0003572 B-*  +  0000002755 R-» 
tang.v'zr  0-0001786  R-»  +  0000001886  R"»; 

we  obtain  the  following  table  of  calculated  déviations,  which 
differs  but  very  slightly  from  the  observed  déviations,  as  may 
be  seen  by  the  third  and  fifth  columns,  which  give  thèse 
différences. 


R 

V 

Différence. 

V 

Dtfleretice* 

03 

0° 

49' 

22" 

+  0" 

0° 

20/ 

4" 

—  1" 

04 

0° 

2tf 

7" 

+  1" 

0° 

8' 

58" 

+  4" 

0'5 

0° 

W 

8" 

+  4" 

0° 

4' 

42" 

+  2" 

0-6 

0° 

5' 

w 

+  1" 
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The  method  employed,  which  is  exactly  the  same  as  that 
adopted  by  Gauss  for  measuring  magnetic  force  (Institutiones 
Magneticœ,  Annalen  1833,  t  xxviii.  p.  604.),  leading  to  the 
same  résulta,  enables  us  to  establish  in  §  direct  manner  one 
of  the  most  gênerai  and  most  important  conséquences  of 
the  principle  of  electro-dynamics;  namely,  that  the  same 
laws  regulate  electro-dynainic  and  magnetic  actions,  at  a 
distance. 

In  comparing  electro-dynamic  with  magnetic  actions,  ithas 
been  needful  to  exclude  from  the  former  the  cases  in  which 
the  centres  of  the  two  rings  of  the  dynamometer  coincide 
with  each  other,  because  this  case  cannot  be  realised  in  the 
mutual  action  of  two  magnets.  We  may  further  add  that 
in  this  application  of  magnetic  laws  to  electro-dynamics, 
instead  of  deducing  the  values  of  the  three  constants  a,  6, 
and  c,  from  the  observations  themselves,  we  may  obtain 
them  directly  by  calculation,  by  means  of  the  fundamental 
principle  of  electro-dynamics  ;  for,  by  means  of  this  principle, 
we  may  find,  with  a  sufficient  degree  of  approximation,  the 
momentum  of  electro-dynamic  rotation,  which  the  fixed  ring 
exerts  upon  the  movable  ring,  suspended  by  the  two  wires,  when 
a  current  of  an  intensity  i,  is  sent  through  the  two  rings.  We 
shall  not  produce  hère  the  séries  of  calculations,  by  which  Mr. 
Weber  succeeded  in  obtaining  numerical  results  almost  iden- 
tical  with  those,  that  had  been  furnished  to  him  by  direct  ob- 
servation in  the  first  Table  that  we  hâve  given  above,  in 
establishing  the  second  law.  We  shall  content  ourselves 
with  giving  this  Table  calculated,  and  with  the  différences 
that  it  présents,  in  relation  to  the  corresponding  results 
obtained  by  expérimenta 


Distances  In 
Inches. 

North  or  South, 
0°  or  1800. 

Différences. 

Eaat  or  West, 
90°  or  270°. 

Différence*. 

0 

11-29 
15-72 
19-65 
23-58 

4-2268000 

18903 

77-79 

39-37 

22*64 

+  280-00 
+      0-90 

—  0-34 

—  010 

—  0-18 

+  22680-00 
77-17 
34-74 
18*31 

+  28000 
—      006 
+      0-03 
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In  this  comparison  between  theory  and  expérimenta  one 
factor  alone  was  deduced  from  observations  ;  and  this  because, 
on  account  of  its  nature,  we  could  not  obtain  this  factor  in  a 
sufliciently  exact  manner  by  direct  measures. 

In  conclusion,  we  believe,  we  hâve  said  enough  to  explain 
the  immense  service  M.  Weber  has  done  to  science,  by 
establishing  on  sucb  solid  bases  the  laws  of  electro-dynamics, 
and  by  thus  giving  to  Ampère's  theory  an  almost  mathe- 
matical  certainty. 

II.  Additions  to  the  Phenomena  of  Induction. 

We  hâve  seen  (Vol.  I.  p.  363.)  that,  after  having  discovered 
inductive  currents,  Faraday  was  not  long  in  showing  that 
the  existence  of  thèse  currents  might  give  a  very  satisfactory 
explanation  of  Arago's  magnetism  of  rotation.  He  had  even 
made  a  very  ingenious  analysis  of  the  manner  in  which  the 
indirect  currents  must  be  established  and  circulated  in  the 
métal  dise.  MM.  Nobili  and  Antinori  had  succeeded  in 
collecting  those  currents;  but  their  processes  and  results 
were  not  entirely  free  from  objection.  M.  Matteucci  has 
lately  taken  up  this  particular  point,  which  is  of  very  great 
interest  in  respect  to  the  theory  of  rotation  ;  and,  while  he 
confirms  the  views  that  were  entertained  by  Faraday,  he  has 
succeeded  in  making  a  detailed  and  accurate  expérimental 
analysis  of  the  complicated  phenomena  in  question. 

Matteucci's  method  consists  in  causing  a  very  smooth 
copper  dise  to  rotate  in  a  vertical  plane,  under  the  influence 
of  the  two  pôles  of  an  electro-magnet,  the  horizontal  branches 
of  which  reach  very  near  to  the  dise  without  touching  it, 
and  at  equal  distances  from  its  centre.  N  and  s  (Jig*  173.), 
are  thèse  two  pôles.  After  having  demonstrated  that  the 
dise  is  maintained  by  induction,  in  the  same  electric  state  as 
a  métal  plate  would  hâve  if  in  communication  with  the  two 
pôles  of  a  battery,  M.  Matteucci  found  in  it,  as  in  the  plate, 
lines  of  no  current,  which  are  indicated  on  the  figure  by  the 
numbers  1,  2,  3,  4,  and  5.  Thèse  lines  of  no  current  bend 
near  the  edges  of  the  plate,  so  as  always  to  eut  them  normally. 
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It  is  always  a  very  easy  matter  to  find  them,  by  keeping  one 
of  the  terminations  of  the  galv-anometer  fixed,  and  moving 


Fig.  173. 

the  other  ever  so  lîttle  ;  for  on  the  right,  or  on  the  left  of 
the  line,  the  currents  obtained  are  in  the  contrary  direction. 
With  regard  to  the  electric  currents,  that  is,  the  filaments  of 
maximum  intensity,  they  always  eut  the  lines  of  no  carrent 
normally  ;  they  are  represented  on  the  figure  by  the  closed 
and  dotted  curves.  The  direction  of  thèse  currents  can  only 
be  determined,  when  we  hâve  previously  discovered  the  lines 
of  no  current. 

Besides  the  lines  of  no  current  already  indicated,  there  is 
one,  marked  in  the  figures  with  the  number  6,  which  is 
circular,  and  which  séparâtes  the  opposite  electric  states. 
M.  Matteucci  calls  it  the  neutral  and  the  inversion  line  ;  it  is 
analogous  to  the  right  line,  which,  in  the  case  of  a  plate 
traversed  by  an  electric  current,  cuts  through  the  middle  of 
the  line  that  connecta  the  pôles  of  the  battery.  It  is  the 
existence  of  this  neutral  or  inversion  line,  which  necessarily 
compels  us  to  admit  the  existence  of  four  Systems  of  currents, 
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that  is,  two  and  two  symmetrically  on  the  side  of  each  pôle. 
It  is  through  not  having  known  this  Une,  that  the  philo- 
sophera, whom  we  hâve  just  mentioned,  had  not  been  able  to 
analyse  the  effect  of  the  magnetism  of  rotation  in  Arago's 
dise.  The  dotted  line  F,  f,  is  also  a  neutral  line  ;  bat  it  is 
displaced  by  rotation,  and  in  proportion  to  the  rotation. 
Around  this  line  ail  is  symmetrical,  and  ail  consequently  is 
displaced  with  it. 

Thus,  induction  détermines  in  the  dise,  rotating  in  présence 
of  a  magnet,  a  state  of  dynamic  equilibrium,  which  may  be 
considered  as  fixed  in  space,  and  which  is  represented  by 
neutral  Unes,  and  by  lines  of  no  current,  that  are  eut  normally 
by  filaments  or  electric  currents.  In  proportion  as  the 
velocity  of  the  rotation  of  the  dise  increases,  it  is  found  that 
thèse  lines  and  the  System  of  induced  currents,  is  displaced 
in  the  direction  of  the  motion,  and  proportionately  to  the 
velocity  of  rotation. 

M.  Matteucci,  in  order  to  show  the  accuracy  of  his 
analysis,  succeeded  in  verifying,  by  means  of  electric 
currents,  distributed  artificially,  as  he  admits  they  are,  by 
the  effect  of  induction  in  the  copper  dise,  ail  the  effects  of 
compound  différences  found  by  M.  Arago.  For  this 
purpose,  he  arranges  a  silk-covered  copper  wire  upon  a  plane 
of  wax,  so  as  to  hâve  circuits  resembling  those  of  the  rotating 
dise,  and  he  sends  an  electric  current  through  thèse  circuits, 
taking  care  to  place  the  bar-magnet  in  the  proper  position. 
In  order  to  complète  the  resemblance,  we  hâve  merely  to 
take  into  account  the  displacement  of  the  circuits  due  to 
rotation,  in  the  case  of  the  dise. 

We  can  now  easily  comprehend  the  influence  that  is 
exercised,  in  the  phenomena  of  magnetism  by  rotation, 
by  solutions  of  continuity  in  the  dise  ;  if  they  diminish  the 
action  in  proportion  as  they  are  more .  numerous,  it  is 
because  they  oppose  the  circulation  of  the  induction  currents, 
by  thus  modifying  their  numbers  and  direction  ;  in  fact,  we 
hâve  merely  to  fill  up  the  slits  of  the  dise  with  a  conducting 
métal,  in  order  tore-establish  the  interrupted  circuits,  and  thus 
to  restore  to  the  action  almost  the  entire  of  its  primitive  energy. 
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With  induction,  also,  is  connectée!  Weber's  phenomenon, 
known  by  the  name  of  unipolar  induction,  and  of  which  we 
hâve  endeavoured  to  give  an  explanation,  contrary  to  the 
first  ideas  of  Weber  and  of  Faraday,  on  this  particnlar  point. 
Our  explanation  is  found  to  enter  implicitly  into  the  more 
gênerai  laws  due  to  Lenz,  and  which  we  think  it  useful  to 
repeat  in  this  place,  adding  to  them  some  researches  of 
Faraday's  of  the  same  nature,  and  a  theory  of  thèse  phe- 
nomena, that  has  been  suggested  to  ns  by  the  labours  of 
Lenz  and  Faraday. 

A  short  time  after  Faraday's  discovery  of  electro-dynamic 
induction,  Lenz  succeededin  reducing  the  résulta  into  formulœ, 
in  a  very  simple  and  very  satisfactory  manner.  The  fol- 
lowing  is  the  principle  that  he  established  :  — If  a  métal 
conductor  is  in  the  vicinity  of  an  electric  carrent,  or  of  a  magnet, 
an  electric  carrent  is  developed  in  it,  the  direction  of  which  is  the 
same  as  would  hâve  been  produced  in  this  wire  by  a  motion  directly 
contrary  to  that  which  had  been  given  to  it  in  order  to  develope 
the  induction  carrent,  supposing  that  the  wire  could  only  be  put 
in  motion  in  the  same  direction  in  which  it  had  been  moved,  or  in 
a  precisely  opposite  direction.  It  follows  from  this  principle 
that  it  is  always  an  easy  matter  to  know  in  what  direction 
the  induction  current  ought  to  travel,  bearing  in  mind  that 
the  direction  is  the  inverse  of  that  in  which  a  current 
would  travel  that  would  produce  by  electro-dynamic  action 
the  same  motion  that  is  imparted  mechanically  in  order  to 
develope  the  induction.  Lenz  thus  connects  in  an  inti- 
mate  manner  the  phenomena  of  induction  with  Ampère's 
electro-dynamic  phenomena;  for  to  each  phenomenon  of 
electro-dynamic  motion  corresponds  a  magneto-electric  phe- 
nomenon, or  one  of  electro-dynamic  induction.  This  may 
be  easily  demonstrated  by  examining  différent  cases  succes- 
sively. 

lst  Case  of  two  parallel  conducting  wires,  each  traversed 
by  currents,  which  attract  or  repel  each  other  according  as 
they  pass  in  the  same  or  contrary  directions.  Corresponding 
case  of  two  parallel  conducting  wires,  of  which  one  alone 
is  traversed  by  a  current,  while  the  other  is  mechanically 
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made  to  approach  or  to  recède,  which  détermines  in  it  a  cur- 
rent  in  the  contrary  direction  or  in  the  same  direction. 

2nd.  Case  of  two  conducting  wires  bent  into  rectilinear 
forms,  or  into  circles  of  the  same  size,  and  capable  of  moving 
around  the  same  axis  in  vertical  planes,  and  arrangea  first  so 
that  their  two  planes  are  perpendicular  to  each  other;  they 
move  and  place  themselves  one  against  the  other,  when  they 
form  part  of  an  electric  circuit,  in  such  a  manner  that  the 
currents  hâve  the  same  direction  in  both.  Corresponding 
case  of  two  similar  condactors,  the  one  fixed  and  traversed 
by  a  current,  the  other  movable,  in  which  a  carrent  is  deve- 
loped  moving  in  a  contrary  direction  to  that  of  the  fixed  one 
when  it  is  applied  mechanically  against  it 

3rd.  The  case  of  a  movable  and  limited  rectilinear  con- 
ductor,  capable  of  being  moved  parallel  to  itself,  along  an  in- 
definite  rectilinear  conductor  ;  when  both  are  traversed  by  a 
current,  the  movable  one  moves  along  the  fixed  one  in  the 
direction  of  the  current  of  the  latter,  if  its  own  current  is 
receding,  and  in  the  contrary  direction  if  it  is  approaching. 
Corresponding  case  of  an  indefinite  and  fixed  conductor,  tra- 
versed by  a  current,  along  which  a  movable  and  limited 
conductor  is  made  mechanically  to  pass  ;  a  current  is  deve- 
loped  in  it  directed  towards  the  indefinite  conductor,  when  it 
travels  in  the  direction  of  the  current  of  this  conductor,  and 
a  current  directed  in  the  reverse  way  when  it  travels  in  a 
direction  opposite  to  that  of  the  current  of  the  indefinite  con- 
ductor. 

4th.  Case  of  a  magnet  directed  from  south  to  north,  and  a 
conductor  parallel  to  the  axis  of  the  magnet,  to  which  an  an- 
gular  motion  is  given,  sometimes  to  the  east,  sometimes  to  the 
west;  there  is  developed  in  it  an  inductive  current,  moving 
in  a  contrary  direction  to  that  which  should  traverse  the 
conductor,  in  order  that  the  latter  might  give  to  the  magnet 
a  déviation  in  the  same  direction  as  that  which  is  mechanically 
given  to  it 

5th.  Case  of  a  ring  or  hélix,  formed  of  wire,  which  is 
made  to  move  to  the  middle  of  a  magnet,  that  forma  its 
axis,  there  is  developed  in  it  a  current,  moving  in  the  in- 
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verse  direction  to  that  which  should  traverse  the  wire  of 
the  ring  in  order  that  the  latter  might  be  attracted  to  the 
middle  of  the  magnet  if  the  pôle  of  this  magnet  should  be 
presented  to  the  centre  of  the  movable  ring. 

6th.  Case  of  a  métal  dise,  moving  in  a  circnlar  direction 
in  a  horizontal  plane  between  the  pôles  of  a  horse-shoe 
magnet,  one  of  which  is  above  and  the  other  below  it  ;  there 
-  is  developed  in  it  a  carrent,  moving  from  the  centre  to  the 
circumference,  when  the  dise  travels  in  the  direction  of  the 
hands  of  a  watch,  and  the  north  pôle  of  the  magnet  is  above 
and  the  sonth  below  ;  the  current  has  the  reverse  direction 
if  the  dise  travels  in  the  opposite  direction,  or  the  pôles  of 
the  magnet  are  reversed.  This  experiment  corresponds  in 
electro-dynamics  with  Barlow's  experiment,  in  which  a 
wheel  traversed  by  an  electric  current,  moving  from  its 
centre  to  its  circumference,  turns  between  the  pôles  of  a 
magnet  (Jig.  115.  p»  264.  Vol.  L).  The  induced  current  has 
an  opposite  direction  to  that  which  the  current  should  hâve, 
that  would  give  to  a  wheel  a  motion  occurring  in  the  same 
direction  as  that  which  is  impressed  upon  it  mechanically. 

7th.  Case  of  a  magnet,  turning  on  its  axis  under  the  ac- 
tion of  a  current  moving  from  the  middle  to  one  of  its 
extremities,  or  from  one  of  its  extremities  to  the  middle  ;  the 
magnet  moves  by  the  effect  of  the  currents  in  the  mercury 
into  which  it  is  plunged,  or  of  the  fixed  conductors,  by 
which  it  is  placed  in  the  electric  circuit  (figs.  104.  and 
105.  p.  250.  VoL  L).  Corresponding  case  of  a  magnet,  one 
of  the  pôles  of  which  and  the  médium  are  put  into  commu- 
nication with  the  ends  of  a  galvanometer.  On  imparting 
to  the  magnet  a  motion  of  rotation  upon  its  axis,  a  current 
is  obtained  in  the  galvanometer  moving  in  a  direction  con- 
trary  to  that  which,  if  it  traversed  conductors  arrangea  in 
respect  to  the  magnet  as  the  ends  of  the  wîre  of  the  galvano- 
meter are,  would  impart  to  the  magnet  a  motion  on  its  axis, 
having  the  same  direction  as  that,  which  had  been  imparted 
to  it  mechanically. 

As  may  be  seen,  the  phenomenon  of  unipolar  induction 
enters  into  the  seventh  case,  and  consequently  into  Lenz's  law. 
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This  law,  moreover,  has  this  remarkable  feature,  that  it 
establîshes  the  link  between  the  nature  of  electro-dynamic 
motion  and  that  of  the  corresponding  induced  current. 
Indeed,  whenever  the  mutual  action  of  two  currents,  or  of  a 
current  and  a  magnet,  gives  rise  to  a  limited  motion,  such  as 
an  attraction  or  a  répulsion,  or  a  déviation  in  one  direction 
or  another,  the  corresponding  inducing  action  détermines  an 
instantaneous  current;  whilst,  when  the  electro-dynamic 
action  produces  a  continuons  motion,  such  as  a  rotation,  the 
corresponding  inducing  action  developes  a  continuous  cur- 
rent. Thus,  the  induced  currents  of  the  cases  1,  2,  4,  and  5, 
are  instantaneous,  either  in  one  direction  or  the  other;  whilst 
the  currents  of  the  cases  3,  6,  and  7,  are  continuous,  and  in 
the  direction  conformable  to  the  law. 

Still  more  recently,  Faraday,  with  a  view  of  studying  the 
magnetic  field,  namely,  the  distribution  of  the  forces  that 
emanate  exteriorly  from  the  pôles  of  a  magnet,  by  making 
conductors  rotate  under  the  influence  of  a  magnet  or 
of  terrestrial  magnetism,  obtained  induction  effects,  that  are 
a  remarkable  confirmation  of  Lenz's  law.  We  shall  return 
to  thèse  experiments  further  on,  when  we  are  speaking 
of  Faraday*s  lines  of  magnetic  force  ;  for  the  présent  we 
shall  confine  ourselves  to  the  particular  point  of  induction. 
It  is  obtained  in  the  following  manner  in  this  case.  Two 
magnets  are  arranged  one  beside  the  other  with  their  homo- 
logous  pôles  situated  towards  the  same  extremity,  so  that  they 
may  act  like  a  single  magnet,  and  turn  around  a  common 
axis.  A  wire,  coming  from  one  of  the  polar  ends,  follows 
the  direction  of  the  axis,  to  the  middle  of  the  magnetic 
System  (that  is  the  axial  part),  and  thence  taking  a  direction 
perpendicular  to  the  axis  (this  is  the  radial  part),  returns  to 
îts  starting  point,  by  describing  a  curved  line  of  greater  or 
less  extent,  which  is  completely  exterior  to  the  magnets. 
Thèse  différent  parts  of  the  wire  may  hâve  independent 
motions,  but  they  communicate  metallicly  together  by  means 
of  copper  rings,  to  which  the  ends  of  the  axial  part  are  at- 
tached,  and  against  which  the  extremities  of  the  radial  parts 
press.     Motion  may  be  imparted  to  the  magnets  around  their 
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common  axis  ;  and  in  this  case,  the  inducing  wire  remains 
fixed  ;  instead  of  imparting  motion  to  this  wire,  it  is  the 
magnets  that  are  moveable.  When  the  radial  part  and  the 
exterior  part,  namely,  ail  the  part  of  the  conducting  wire 
comprised  between  the  two  points  where  it  reaches  the  axis, 
are  set  in  motion  in  the  same  direction,  there  is  not  the  least 
trace  of  a  carrent,  which  is  dae  to  there  being  two  eqaal 
and  contrary  currents  developed,  one  in  the  radial  part,  the 
other  in  the  exterior  part  ;  this  is  easily  proved  by  moving 
each  of  the  parts  separately.  When  the  axial  part  of  the 
wire  is  alone  set  in  motion,  there  is  no  effect  ;  this  portion 
then  acts  only  as  a  conductor,  a  duty  which  might  eqnally 
be  discharged  by  the  substance  of  the  magnet  itself.  The 
nullity  of  effect,  that  we  hâve  been  pointing  out,  is  in 
strict  accordance  with  one  of  the  conséquences  of  the  laws  of 
electro-dynamics,  laid  down  by  Ampère  in  one  of  his  later 
memoirs  ;  namely,  that  the  action  of  a  magnet  on  a  closed 
current  which  enters  its  axis  by  its  two  extremities,  is  per- 
fectly  null  ;  and  this,  whatever  be  the  form  or  extent  of  the 
curve  that  the  current  describes,  and  whatever  be  the  points 
of  the  axis  at  which  the  extremities  of  the  wire  that  conducts 
the  current,  enter.  Now,  this  is  exactly  the  case  in  Fara- 
day's  experiment. 

This  very  remarkable  correspondence  between  the  pheno- 
mena  of  electro-dynamics  and  those  of  magneto-electric  in- 
duction, and  which  présents  itself  in  each  individual  fact,  has 
naturally  led  philosophers  to  endeavour  to  comprehend  them 
under  one  theory  ;  we  hâve  already  succinctly  described  the 
labours  of  Weber  and  those  of  Newmann  on  this  subject  ;  but 
it  appeared  to  me  that,  without  going  into  notions  and  calcu- 
lations  so  deep  as  those  of  Weber  and  Newmann,  we  may 
consider  induction  as  the  resuit  of  décomposition  by  influence 
of  the  natural  electricity  of  each  particle  of  the  induced  con- 
ductor, by  the  electricities,  that  are  already  separated,  of  each 
corresponding  particle  of  the  inducing  wire.  For  this  pur- 
pose  we  must  admit,  that  the  propagation  of  the  current  is 
made  by  a  séries  of  décompositions  and  recompositions  of  the 
electricities  of  the  successive  molécules,  in  the  same  manner 
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as  in  the  case  of  insulated  bodies,  as  we  hâve  seen  in  the 
Fifth  Chapter  of  the  Second  Part*  We  shall  give  in  the 
Fourth  Part  the  numerous  proofs  that  operate  in  favour  of  thia 
mode  of  the  propagation  of  the  electric  current. 

Let,  therefore  A  b  (fig.  174.),  be  a  conductor,  traversed  by 
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Fig.  174. 


a  current  in  the  direction  from  a  to  B  ;  the  successive  parti- 
clés,  of  which  it  is  constituted,  hâve  their  natural  electricity 
decomposed,  the  —  turned  to  the  side  A,  where  the  positive 
pôle  of  the  apparatus  is — the  +  turned  towards  B,  where 
the  négative  pôle  is.  The  electricities,  as  soon  as  they  are 
separated,  combine  from  particle  to  particle;  namely,  the 
négative  of  a  with  the  positive  of  the  pôle  A,  the  négative  of 
b,  with  the  positive  of  a,  and  so  on  to  the  positive  of  A,  which 
combines  with  the  négative  of  the  pôle  B.  This  recomposition 
which  is  instantaneous,  is  immediately  followed  by  a  new  de- 
composition  ;  and  this  by  a  recomposition,  and  so  on.  This 
succession  of  décompositions  and  recompositions  is  so  rapid, 
that  there  is  always,  as  we  discover  by  experiment,  an  electric 
tension  in  each  particle  of  the  conductor  ;  so  that  we  may 
consider  that  the  state  in  which  it  is  represented  in  fig.  174., 
which  we  call  a  state  of  polarisation,  is  very  nearly  per- 
manent. 

Let  there  now  be  a  second  conductor  a'  b'  {fig.  174.),  si- 

♦  Vide  Vol.  I.  p.  139. 
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milar  to  the  first,  as  near  to  it  as  possible,  bat  insulated  from 
it  by  silk  or  wax  ;  at  the  moment  when  the  carrent  is  sent 
along  a  b,  and  when  consequently  its  particles  are  polarised, 
an  opposite  molecular  polarisation  is  produced  in  A*  b',  the  + 
of  each  particle  being  opposite  to  the  —  of  each  particle  of  A 
B;  and  the  —  opposite  to  the  +•  It  follows,  that  if,  at  the 
moment  when  A  B  is  traversed  by  a  carrent,  the  extremities 
of  a'  b/,  are  connected  by  a  conductor,  as,  for  instance,  the 
wire  of  a  galvanometer,  the  +  of  the  molecale  cl,  combines, 
throngh  this  conductor  with  the  —  of  the  molécule  A',  and 
thus  produces  an  instantaneous  carrent,  directed  from  a'  to  b' 
in  the  conductor,  but  from  tf  to  a'  in  the  wire  a'  b'  itself  ; 
namely,  in  a  contrary  direction  to  the  inducing  carrent  In 
like  manner  if,  instead  of  being  connected  by  a  conductor,  the 
extremities  a'  and  b',  are  in  communication  with  the  two 
plates  of  a  condenser,  a'  gives  to  it  a  change  of  positive 
electricity,  and  b'  one  of  négative.  As  soon  as  cl  has  lost  its 
positive,  and  hl  its  négative  electricity,  the  négative  of  A',  is 
disguised  by  the  positive  of  V,  and  so  on,  to  the  négative  of 
cf  >  which  is  disguised  by  the  positive  of  A',  thèse  electricities 
neutralise  each  other,  because  they  are  retained  by  the 
opposite  electricities  of  the  particles  of  A  B  ;  but,  at  the 
moment  when  the  current  ceases  to  pass  along  A  B,  then  if 
the  two  extremities  of  a'  b'  are  united  by  a  conductor,  the 
négative  electricity  of  a,  unités  with  the  positive  of  A,  and  at 
the  same  time,  the  contrary  extremities  of  each  of  the  parti- 
cles cl  >  V y  dy  <£9  ef>  /',  and  cf,  combine  and  produce  a  current 
moving  in  the  direction  from  b7  to  a',  and  from  a'  to  b',  in  the 
wire  a'  b'  itself.  Thus  a'  b'  is  in  this  case  traversed  by 
a  current,  moving  in  the  same  direction  as  the  inducing 
current  The  state  of  electric  tension,  in  which  the  wire  A'  b' 
is  found,  while  the  current  is  traversing  the  wire  A  B,  is 
what  Faraday  called  the  electro-tonic  state  ;  and  the  cessation 
of  this  state  produces  the  second  inductive  current,  whilst  its 
création,  produced  the  first  We  may  conceive  from  the  pre- 
ceding  theory,  that  the  electric  tension  of  the  extrême  molé- 
cules will  be  stronger,  in  proportion  as  the  induced  wire  is 
longer  ;  for  if  it  is  short,  the  two  electricities  accumulated  at 
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its  two  extremities,  will  unité  more  easily  through  the  wîre 
itself*;  on  the  other  hand,  in  order  to  produce  a  strong 
carrent,  it  is  necessary  to  hâve  a  good  conductor,  so  that  the 
décomposition  of  the  natural  electricities  of  each  of  its  parti- 
clesand  their  recomposition  may  be  brought  about  more  easily. 
Finally,  in  the  theory  that  we  hâve  just  given,  the  produc- 
tion of  the  two  instantaneous  inductive  currents,  is  similar  to 
what  takes  place  in  the  charge  and  discharge  by  cascade  of 
consécutive  Leyden  jars,  the  interior  coating  of  each  of  them 
being  in  communication  with  the  exterior  of  the  preceding. 

It  is  well  known  that,  instead  of  developing  the  induced 
current  by  sending  a  current  along  the  inducipg  wire,  we 
may  produce  it  by  mechanically  moving  A  B,  which  is 
traversed  by  the  current  to  or  from  a'  b',  which  is  not  ; 
we  thus  obtain  an  induced  current,  which  is  stronger  in 
proportion  as  the  mechanical  motion  is  brought  about  more 
rapidly;  but,  however,  never  so  strong  as  in  the  former 
case,  ail  other  circumstances  being  the  same.  It  is  true 
that  the  current  has  in  this  latter  instance  a  little  longer 
duration.  In  this  case,  the  molécules  of  a'b'  do  not,  as  in 
the  case  of  the  invasion  of  A  b  by  the  current,  suddenly 
expérience  the  influence  of  the  molécules  a,  6,  and  c  ;  thus 
instead  of  a  single  and  instantaneous  current,  we  obtain  a 
séries  of  little  instantaneous  currents,  the  intensity  of  which 
increases  in  proportion  as  the  approximation  goes  on,  and  the 
sum  of  which  constitutes  a  temporary  current 

When,  instead  of  producing  the  induction  by  the  electric 
current,  we  obtain  it  by  means  of  a  magnet,  the  theory  is 
exactly  the  same  providing  we  bear  in  mind  that  a  magnet 
may  be  compared  to  a  séries  of  currents  ail  moving  in  the 
same  direction,  and  perpendicularly  to  the  axis  of  the 
magnet;  only  the  action  of  the  currents  of  the  magnet 
is  much  more  energetic  than  that  of  true  electric  currents, 
which  is  probably  due  to  their  greater  number. 

It  remains  for  us  to  examine  the  case,  in  which  the  in- 

*  MM.  Guillemin  and  Bornouf  hâve  eren  succeeded  in  obtaining  electro- 
dvnamic  induction  in  a  long  télégraphie  wire,  insulated  at  one  of  its  extre- 
mities. 


Digitized  by 


Google 


INDUCTION  AND  MOTION. 


21 


ducing  and  induced  wires,  having  a  continuons  movement 
in  respect  to  each  other,  the  indnctive  carrent  is  also  fonnd 
to  be  continuons  ;  the  same  theory  fully  explains  the  effects. 
Suppose  the  conductor  ab  (Jig.  175.),  traversed  by  a  current 
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Fig.  175. 


from  b  to  A,  to  be  moving  along  the  indefinite  conductor 
a'b';  the  +  of  the  molécule  a  of  ab,  travelling  from  A'to  b' 
décomposes  the  natural  electricity  of  each  of  the  particles 
a'I/cfd!  &c,  before  which  it  passes;  it  attracts  the  —  ,  and 
repels  the-f ,  which  immediately  giyes.rise  to  a  current 
directed  towards  b',  and  going  from  b'  to  a'  in  a  conductor, 
Connecting  the  two  extremities  of  a/b/;  this  current  is  re- 
produced  every  time  that  a  passes  before  a  molécule  in  a'b', 
and  consequently  so  long  as  the  motion  of  ab  continues 
before  a'b'.  The  direction  of  this  current  entirely  corre- 
sponds with  what  it  should  be  according  to  Lenz's  law; 
for  it  is  the  reverse  of  that  which  would  give  to  ab  a 
motion  having  the  same  direction  as  that  of  the  mechanical 
motion  that  is  imparted  to  it;  but  its  intensity  is  very 
feeble,  which  is  due  to  there  being  only  the  extrême  particles 
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of  ab,  namely,  those  which  are  nearest  to  à'b',  that  can 
act  upon  it* 

With  regard  to  the  carrent  induced  in  the  indacing  wire 
itself,  which  occurs  at  the  moment  when  the  current  ceases 
to  pass,  it  is  simply  the  effect  of  the  return  of  the  molécules 
to  their  ordinary  state,  when  the  molecular  polarisation 
has  ceased.  For  instance,  let  us  suppose  that,  in  the  wire 
AB  of  fig.  175.,  we  suspend  the  passage  of  the  current, 
and  at  the  same  time  connect  A  and  B  bya  conductor,  the 
positive  electricity  of  h  is  united  through  this  conductor, 
with  the  négative  electricity  of  a,  the  positive  of  a  with  the 
négative  of  b,  and  so  on  ;  we  shall  then  hâve  a  current 
directed  from  B  to  A  in  the  conductor,  and  from  A  to  B  in 
the  wire  itself  ;  and  consequently,  in  the  same  direction  as 
that  which  had  been  traversing  it,  but  it  will  be  merely 
instantaneous.  It  is  easy  to  understand  why,  when  we 
collect  the  extra-current,  the  current  induced  in  the  wire 
a'b'  almost  entirely  ceases;  this  is  because  the  direction 
in  which  the  electricities  of  the  molécules  of  ab  were  tra- 
velling draws  those  of  A7  b7  in  a  contrary  direction  to  that 
which  would  hâve  given  rise  to  the  induced  current. 

The  numerous  experiments  of  M.  Masson,  relative  to  the 
induction  of  a  current  upon  itself,  are  altogether  favourable 
to  the  explanation  I  hâve  been  giving  of  the  extra-current.  f 


*  M.  Wartmann  had  even  believed  that  there  was  no  production  of  inductive 
current,  in  the  case  in  which  the  induced  wire  was  perpendicular  to  the  inducing 
wire  ;  his  error  arises  from  the  circumstance  of  the  current  bcing  very  feeble, 
and,  perhaps,  also  from  M.  Wartmann's  having  operated  with  conductors  that 
crossed  each  other,  whilst  it  is  neceasary  that  one  of  the  wires  should  be  entirely 
on  the  same  side  as  the  other,  as  in  fig.  175. 

f  The  helical  form  given  to  the  conductor  favours,  in  a  very  decided  manner, 
as  far  as  equal  lengths  are  concerned,  the  production  of  the  extra-current. 
And  for  this  reason  ;  that  in  addition  to  the  cause  that  we  hâve  just  assigned 
to  this  production,  and  which  acte  alone  in  the  case  of  a  rectilinear  conductor, 
we  hâve  hère  added  the  inductive  action  of  each  spiral  of  the  hélix  upon  the 
neigbbouring  spirals,  the  effect  of  which  must  be  added  to  that  of  the  gênerai 
cause,  since  it  is  exercised  in  the  same  direction,  at  the  moment  when  the  currefit 
ceases  to  pass.  It  is  for  the  same  reason,  that  the  introduction  of  a  bar  of  soft  iron 
into  the  interior  of  the  hélix,  favours  the  induction  of  the  extra  current  The  ex- 
cellent analysis  that  M.  Masson  has  made,  of  his  own  researches,  of  those  of 
Jenkins,  and  of  those  of  Faraday,  upon  the  extra-current,  establish  a  very 
remarkable  analogy  between  the  force  of  the  current,  and  the  discharge  of  a 
Leyden  jar  ;  an  analogy  that  Faraday  had  already  proved  for  ordinary  induc- 
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A  very  important  point  in  onr  theory  is  the  explanation 
it  gives  of  the  influence  exercised  over  the  intensity  of  the 
induced  current,  by  the  velocity  with  which  the  movable 
conductor  is  brought  near  to  the  fixed  one.  If  this  approxi- 
mation occurs  too  slowly,  the  molecular  polarisation  of  the 
indnced  conductor  is  destroyed  as  fast  as  it  is  brought  about, 
without  being  able  to  give  rise  to  a  sensible  current;  in 
order  to  the  production  of  a  current,  it  is  necessary  that  the 
+  of  one  of  the  two  extrême  molécules  of  the  induced  wire 
should  combine,  by  means  of  the  conductors  that  connect 
them  with  the  —  of  the  other  extrême  molécule,  which 
requires  a  rapid  movement,  without  which  the  +  and  the  — 
of  each  particle  combine  together,  as  soon  as  they  hâve  been 
separatecL  This  influence  of  velocity  has  been  appreciated 
by  M.  Wartraann  who,  even  when  approximating  to  actual 
contact,  but  very  slowly,  a  soft  iron  armature  of  a  mag- 
net,  succeeded  in  obtaining  no  inductive  current  in  the 
wire  that  surrounded  the  armature  ;  he  was  able  to  obtain 
the  same  resuit  by  substituting  electric  currents  for  the 
magnet. 

We  will  terminate  the  additions  that  we  had  to  make  on 
induction,  by  the  description  of  a  very  powerful  instrument, 
contrived  and  constructed  by  M.  Ruhmkorff,  and  of  which 
we  shall  frequently  hâve  occasion  to  make  use,  in  the  Fourth 
Part  of  the  Treatise.  This  instrument  (Jig.  176.)  consists 
of  a  very  long  bobbin,  of  above  12  or  15  in.,  surrounded  by 
two  wires  wound  in  a  hélix  ;  the  larger  one  is  intended  for 
receiving  the  inducing  current,  and  in  the  other  which  is 
finer,  the  induction  current  is  produced.  The  rheotome  is 
also  founded  upon  the  attraction  of  a  small  pièce  of  soft  iron, 
by  the  electro-magnet  of  the  bobbin  —  an  attraction,  which  by 
breaking  the  inducing  circuit  causes  the  magnétisation  to 
cease,  and,  consequently,  itself  re-establishes  the  circuit 


tive  currents,  and  which  agrées  yery  well  with  the  explanation  we  hâve  endea- 
vonred  to  give,  of  the  induction  of  thèse  currents.  We  shall,  however,  return 
to  this  subject,  and  especially  to  the  researches  of  M.  Ma&son,  when  we  are 
studying  the  physiological  effects  of  inductive  currents,  to  which  this  philosopher 
has  devoted  a  great  portion  of  the  work,  of  which  we  hâve  been  speaking. 
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The  wires  are  insulated  by  means  of  either  silk  or  resin,  and 
a  commutator  enables  us  to  change  at  pleasure  the  direction 
of  the  indacing  currents.  The  discharges  given  by  this 
apparatus  are  of  alarming  intensity  ;  and  the  light  produced 
by  the  passage,  in  vacuo,  of  the  discharge  from  the  induced 
wire,  is  of  remarkable  magnificence.  In  order  to  increase 
the  power  of  the  apparatus,  M.  Fizeau  conceived  the  idea  of 
adding  to  it  a  condenser,  the  two  plates  of  which  being  bent 
around  each  other,  and  separated  by  an  insulating  stratum 
of  waxed  silk,  coramunicate  respectively  with  either  end  of 
the  inducing  wire,  so  as  to  become  charged  when  the  circuit 
is  interrupted,  and  to  be  discharged  when  it  is  re-established, 
which  greatly  increases  the  power  of  the  current,  the  dis- 
charge having  the  same  direction  as  the  current. 


Fig.  176. 

III.  Additions  to  the  Chapter  relating  to  the  Action  of  Magnetism 
upon  ail  Bodies. 

We  hâve  described  in  détail  in  this  Chapter  the  Works  of 
Faraday,  of  Plucker,  and  of  several  other  philosophera,  on 
the  magnetism  and  diamagnetism  of  bodies;  but  since  our 
publication,  new  Works  hâve  appeared,  to  enrich  this  branch 
of  physics;  and  we  hâve  ourselves  arrived  at  a  theory, 
which  seems  to  us  to  possess  the  advantage  of  embracîng, 
under  the  same  gênerai  principle,  ail  the  phenomena  that  are 
due  to  the  magnetic  power.     It  is  thèse  new  researches  and 
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this  theory,  that  we  désire  to  explain  in  this  place,  in  order 
to  complète  what  we  hâve  already  said  on  this  subject,  in  the 
Sixth  Chapter  of  our  Third  Part. 

lst. — New  Besearches  relative  to  the  Action  of  the  Magnet 
upon  ail  Bodies. 

First  we  will  give  a  Table,  drawn  out  by  M.  Plucker,  of 
the  numerical  results  that  he  obtaîned  by  magnetising 
successively  electro-magnets  with  currents  of  différent  inten- 
sives ;  this  Table  demonstrates  the  variations,  that  occur  in 
magnetic  attractions  and  répulsions  with  the  intensity  of  the 
carrent: — 


Iron        - 

Cobalt     - 

Nickel 

Oxide  of  iron      - 

Current  of  a  single 

Grove's  Pair;  an 

Intensity  =  1. 

Carrent  of 

an  Intensity  4  times 

greater. 

1,000,000 

1,008,900 

465,700 

758 

1,000,000 

912,200 

350,900 

954 

Oxide  of  nickel   - 

286 

405 

Hydrated  oxide  of  cobalt 
Bismuth               ... 

2178 
236 

5015 
3903 

Phosphorus          -             •            - 

16-45 

27-31 

We  will  now  pass  on  to  the  latest  researches  of  M.  E.  Bec- 
querel. Instead  of  employing  the  ordinary  balance,  and 
estimating  by  weights,  the  spécifie  magnetism  and  diamagne- 
tism  of  bodies,  M.  E.  Becquerel,  as  we  hâve  previously  said, 
made  use  of  the  torsion  balance,  placed  over  the  pôles  of  an 
enormous  electro-magnet,  upon  which  it  rests.  To  check  the 
continuai  oscillations  of  the  extremity  of  the  tension  thread 
that.sustains  the  bar,  the  subject  of  experiment,  he  suspends 
to  the  middle  of  this  bar,  by  means  of  a  double-woven  thread, 
a  small  leaden  bail  immersed  in  water  at  a  distance  of 
a  little  more  than  half  an  inch  ;  it  is  easily  proved  that  the 
présence  of  this  sphère  introduces  no  disturbance  to  the  ob- 
servations, which  are  thus  made  with  much  more  précision. 
A  microscope  fixed  to  one  of  the  sides  of  the  torsion-balance, 
cames  a  micrometer  in  the  focus  of  the  eye-piece,  to  which 
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are  successively  brought,  by  torsion,  tbe  bars  that  are  the 
subject  of  expérimenta  after  having  taken  the  précaution  to 
trace  a  cross  at  the  end  of  each  of  them,  to  serve  as  the  point 
of  référence.  The  number  of  degrees  of  torsion  necessary 
in  order  to  bring  back  the  point  of  crossing  to  the  centre  of 
the  micrometer,  are  measured  ;  ànd  thus  the  exact  measure 
is  obtained  of  the  effect  due  to  the  action  of  the  magnet  ;  to 
be  freed  from  causes  of  error  the  direction  of  magnétisation  in 
the  electro- magnet  is  changea,  by  means  of  a  commutator, 
and  the  effect  produced  is  again  measured,  which  is  almost 
always  identical  with  the  first  observation.  Finally,  the 
constancy  of  the  current  employed,  is  insured  by  means  of  a 
sine-galvanometer,  placed  in  the  circuit. 

M.  E.  Becquerel  moreover  proposed  to  détermine  the 
value  of  magnetic  actions  in  différent  média,  always  setting 
out  from  the  principle  that  ail  bodies  are  magnetic,  after  the 
manner  of  iron,  and  that  the  attractive  or  répulsive  effect 
observed  is  due  to  the  différence  existing  between  the  spécifie 
magnetism  of  a  body  and  that  of  the  médium  in  which  it  is 
placed.  But,  whatever  theory  be  adopted,  the  numbers 
obtained  by  M.  Becquerel  remain  not  the  less  as  important 
data  to  be  preserved.  In  order  to  hâve  a  fixed  term  of  com- 
parison,  he  has  referred  ail  the  déterminations  to  the  spécifie 
magnetism  of  water  in  air,  which  he  has  made  equal  to  — 10, 
water  being  repelled  by  the  magnet  in  air,  and  also  in  vacuo. 
Finally,  by  measuring  the  action  of  the  magnet  upon  two  bars, 
one  of  sulphur,  the  other  of  white  wax,  placed,  first  in  air,  and 
then  in  différent  média,  he  deduced  the  spécifie  magnetism  of 
thèse  différent  média,  as  well  as  that  of  the  sulphur  and  the  wax, 
in  respect  to  equal  volumes  ;  by  making  use  of  the  rod  of 
sulphur,  the  résulta  to  which  he  arrived  are  almost  identical 
for  each  médium,  with  those  that  were  furnished  to  him  with 
the  rod  of  wax. 

The  following  are  two  Tables,  which  contain  the  numerical 
détermination  of  the  action  of  the  magnet  upon  différent  sub- 
stances of  the  same  size,  placed  in  the  air  ;  thèse  numbers 
express,  therefore,  according  to  M.  E.  Becquerel,  the  action 
of  the  magnet  upon  the  body  placed  in  vacuo,  minus  the 
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action  of  the  magnet  on  an  equal  volume  of  air.     The  sîgn 
•«—  indicates  a  répulsion  ;  the  sign  -f ,  an  attraction  :  — 


Water 

. 

. 

—    10 

Ordinary  zinc 

• 

- 

—      25 

White  wax      -            - 

. 

- 

—     5-68 

Sulphur,  sublîmed,  then  melted 

- 

• 

—    11-37 

Plumber's  lead 

- 

- 

—    15-28 

Phosphorus      - 

- 

- 

—    16-39 

Sélénium          ... 

. 

- 

—    1652 

Bismuth           ... 

• 

. 

—  217-60 

The  relative  values  between  zinc  and  white  wax  being 
more  feeble  than  those  which  refer  to  water,  thèse  two  sub- 
stances ought  to  be  attracted  by  the  magnet  in  water  ;  they 
are  actually  so,  as  in  almost  ail  liquide. 

The  following  Table,  constructed  on  the  same  basis  as  the 
preceding,  contains  the  results  relative  to  liquids  and  saline 
solutions  :  — 

Water  (density  =1)  -  -  -  -  . 

Concentrated  alcohol  (density  =  0*8059)     - 

Sulphuret  of  carbon  ..... 

Chlorideof  sodium  (density =  1-2084)         -  -  - 

Chloride  of  magnésium  (density  =1*3197) 

Crystallised  sulphatë  of  'copper  of  commerce  (density  = 

1-1265)  -  

Sulphatë  of  nickel  (density  =  1*0827) 

Protosulphate  of  iron,  prepared  with  the  crystallised  sulphatë 

of  commerce  (density  =1-1 923)  -  -  -     +    211-16 

Frotosulphate  of  iron,  prepared  with  sulphuric  acid  and 

iron  (density  =1-1728)  -  -  -  -     +    180*22 

Protochloride  of  iron,  No.  3.  prepared  with  hydro-chloric 

acid  and  iron  (density  =  10695)  -  -  -     +      91*93 

Protochloride  of  iron,  No.  1.  (density  =  1  -2767)      -  -     +    360*70 

Protochloride  of  iron,  No.    2.  concentrated  (density  = 

1-4334)  -  -  -  -     '        -  -  -     +    65813 

Protosulphate  of  iron,  with  slight  excess  of  sulphuric  acid 

(density=  11587) +    13770 

In  this  last  Table  which  contains  only  liquids,  the  effect  has 
been  determined  by  the  différence  that  thèse  solutions  expé- 
rience on  the  part  of  magnetism,  by  means  of  a  solid  substance 
always  the  same,  subjected  to  the  action  of  the  magnet,  while 


— 

10- 

— 

7*89 

— 

13-30 

— 

11-28 

— 

1205 

+ 

8*14 

+ 

21-60 
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plunged  in  the  différent  liquids.  We  arrive  at  the  same  re- 
sults,  whatever  solid  body  uiay  be  employed  for  thèse  déter- 
minations, providing  it  remains  the  same  in  ail  the  comparative 
expérimenta. 

Ail  the  numbers  in  thèse  two  Tables  are  referred,  as  we 
hâve  said,  to  volumes  ;  by  dividing  them  by  the  densities,  we 
should  obtain  the  magnetic  power  for  equal  weights.  This 
opération  was  gone  through  in  M.  Plucker's  table  ;  it  seems 
useless  to  repeat  it  hère,  seeing  that  the  results  obtained  by 
thèse  two  philosophera  differ  too  mnch  for  any  useful  com- 
parison  to  be  made  between  them.  We  may  add  that,  on 
mixing  very  fine  and  very  pure  iron-filings,  in  various  pro- 
portions with  white  wax,  and  forming  of  it  small  cylinders 
about  two  inches  long,  and  half-an-inch  or  less  in  diameter, 
M.  Becquerel,  by  comparing  the  action  exercised  upon  them 
by  the  magnet  with  that  which  occurred  on  a  tube  of  the 
same  size  filled  with  protochloride  of  iron,  succeeded  in  deter- 
mining  the  magnetic  powers  of  proto-chloride  of  iron  and  of 
water  in  respect  to  iron  of  equal  volume  and  weight  In 
order  to  arrive  at  this  détermination,  he  sought  by  trials 
for  the  proportion  of  iron  that  ought  to  be  contained  in  the 
cylinder  of  wax,  so  that  it  might  expérience  the  same 
action  as  the  equal  volume  of  proto-chloride  of  iron;  he 
found  that  it  was  about  -003  gr.  Troy,  to  '061  cubic  in. 
whence  he  deduced  the  following  magnetic  powers  for  equal 
weights  :  — 

Iron     -  -  -  -  -     +  1,000,000 

Proto-chloride  of  iron  -  -  -    +  140 

Water  ...  —  3 

We  hâve  also  to  report  the  important  results,  to  which 
M.  E.  Becquerel  arrived,  in  respect  to  the  magnetic  pro- 
perties  of  gases,  results  that  he  obtained  by  observing  the 
repulsion  exercised  by  the  pôles  of  the  electro-magnet  upon 
a  very  thin  bar  of  glass,  closed  at  its  two  extremities  by  the 
blowpipe,  plunged  successively  into  différent  gaseous  média  ; 
this  bar  was  1*37  in.  long,  a27  in.  in  diameter  and  weighed 
11*45  gr.  Troy;  it  was  slightly  magnetic.     In  the  air,  it 
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was  less  attracted  than  in  vacuo,  which  seemed  to  indicate 
that  air  was  a  magnetic  médium.  The  attraction  of  the 
glass  being  diminished  in  the  air,  the  repulsion  of  a  dia- 
magnetic  body,  such  as  sulphur,  ought  on  the  contrary 
to  be  stronger  in  air  than  in  vocuo  ;  and  this  is  confirmed 
by  experiment.  Hydrogen,  nitrogen,  carbonic  acid  give 
no  appréciable  effect  of  this;  but  oxygen  manifested  the 
same  property  as  air,  and  this  with  an  intensity  five  times 
greater;  which  proves  that  it  is  its  présence  which  gives 
to  air  its  magnetic  property,  and  the  more  so  as  nitrogen  is 
insensible  to  this  action.  Hère,  then,  is  a  direct  expérimental 
proof  that  oxygen  is  attractable  by  the  magnet,  in  the  same 
manner  as  iron  ;  and  that  it  is  even  very  strongly  magnetic. 
In  order  to  détermine  more  accurately  the  magnetic 
power  of  oxygen,  M.  Becquerel  took  a  small  glass  tube, 
which  he  filled  with  melted  wax  ;  the  glass  being  slightly 
attracted  and  the  wax  repelled  by  the  electro-magnet,  he 
thus  obtained  a  body  very  nearly  indiffèrent,  being  just 
slightly  diamagnetic.  He  determined  the  effect  of  the 
magnet  upon  the  glass  tube  in  vacuo,  in  air,  in  oxygen 
and  in  water,  and  he  found  :  — 

In  vacuo  -  — 0*1145 

In  oxygen  -            -            -            -            -  —  02675 

In  air  •            -             -             -             -  —01453 

In  water  -----  +0-7033 

which  gives  for  the  magnetic  force  of  oxygen  in  respect 
to  water  in  vacuo,  +1*871,  and  in  respect  to  water  in 
air,  +  1*80.  Thus  with  equal  volumes  and  at  the  pressure 
of  30  in.  the  magnetic  power  of  oxygen  is  half  that  of  water; 
but  taken  with  the  contrary  sign,  oxygen  being  attracted 
by  the  magnet,  whilst  water  is  repelled,  a  slightly  différent 
method  gave  1*73  instead  of  1*80. 

Finally,  M.  E.  Becquerel  studied  the  action  of  the  magnet 
upon  gases,  by  condensing  them  into  a  porous  substance, 
such  as  charcoal.  He  prepared  cylinders  of  oak  charcoal, 
an  inch  to  an  inch  and  a  quarter  in  length,  and  a  third 
of  an  inch  in  diameter,  which  were  calcined  to  redness  in 
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sand,  before  each  experiment  Repelled  in  vacuo,  thèse 
cylinders  were  strongly  attracted  in  air,  and  especially  in 
oxygen,  of  which  they  absorb  about  nine  times  their  own 
volume.  It  is  probable  that  tlie  very  various  results  ob- 
tained  by  différent  philosophers  in  respect  to  the  action 
of  the  magnet  upon  charcoal  in  air,  are  due  to  its  absorbing 
air  and  water,  and  on  which  account  it  must  expérience 
différent  effects  according  to  the  proportion  of  thèse  sub- 
stances, the  air  giving  to  it  an  attracting  and  the  water 
a  repelling  power.  The  trials  made  with  other  gases  fumished 
results  that  were  too  undecided  to  furnish  conclusions,  with 
any  degree  of  accuracy,  as  to  the  magnetic  or  diamagnetic 
power  of  thèse  gases.  It  is  otherwise  with  oxygen  and  with 
air;  so  that  we  raay  regard  the  following  conclusions  as 
sufficiently  near  to  truth,  namely  that  the  spécifie  magnetism 
is  for  — 


Oxygen  at  the  pressure  of  30  in. 
Air    - 
Water        - 


Equal 
Volumes. 


+  1*80 
+  0  38 
—  1000 


Equal 
Wefghtt. 


+  1257 
+  293 
—      10 


On  comparing  thèse  values  with  iron,  from  the  table  given 
above,  where,  for  equal  weights  we  had,  for  water— 3,  iron 
being  1,000,000,  we  obtain  for  spécifie  magnetism  in  respect 
of  equal  weights  :  — 

Iron  -  1,000,000 

Oxygen  -----  377 

Air     ------  88 

We  had  obtained  for  the  most  magnetic  liquid  (proto- 
chloride  of  iron)  +  140,  iron  being  1,000,000;  so  tbat 
oxygen  is,  weight  for  weight,  three  times  more  magnetic 
than  the  most  magnetic  of  liquids;  therefore,  after  the 
magnetic  metals  (iron,  cobalt,  and  nickel),  this  body  is  the 
most  magnetic,  weight  for  weight. 

The  following  is  a  Table  containing  the  last  results  ob- 
tained by  Faraday  on  the  magnetic  and  diamagnetic  powers 
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of  certain  bodies  by  employing  a  large  magnet,  constructed 
bj  M.  Logeman,  according  to  the  principles  of  Dr.  Elias, 
which  weighs  a  little  more  than  100  lb.  and  which  is 
capable  of  supporting  430  lb.  In  this  Table,  the  angles 
of  torsion  necessary  to  balance  the  attractive  and  répulsive 
force  of  the  magnet,  express  the  magnetic  and  diamagnetic 
powers  of  the  various  substances,  volume  for  volume  :  — 


Proto-ammo.  of  copper 
Per-ammo.  of       „ 
Oxygen 
Air 

Olefiant  gas 
Nitrogen 
Vacuum 

Carbonic  acid  gas 
Hydrogen 
Ammonia  gas    • 
Cyanogen 
Glass     - 
Pure  zinc 
•Ether    - 
Alcohol  absolut» 
Oil  of  lemons     - 
Camphor 
Camphiue 
Linseed  oil 
Olive  oîl 
Wax      - 
Nitric  acid 
Water  - 

Solution  of  ammonia 
Bisulpbate  of  carbon 
Sat.  sol.  nitre     - 
Sulpburic  acid  • 
Sulphur 

Chloride  of  arsenic 
Fused  borate  of  lead 
Bismuth 


134°-23 
119  -83 


5 

•4 
•6 
•3 
•0 
•0 
l 
•5 
•9 


17 

3 

0 

0 

0 

0 

0 

0 

0 
18  '2 

74  -6 

75  -3 
78  -7 
80 

82  59 
82  -96 
85  '56 

85  -60 

86  '73 

87  -96 
96  '6 

98  -5 

99  -64 
100  -08 
104  -47 
118 

121  -73 
136  -6 

1967  -6 


M.  Plucker,  who  had  at  first  thought  that  air  and  oxygen 
were  diamagnetic,  recognised  afterwards  the  magnetism 
of  oxygen  ;  he  also  proved  that  two  of  the  nitrous  compounds 
were  magnetic;   namely,    the  deutoxide  of   nitrogen  and 
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nitrous  acid  in  the  state  of  gas,  which  is  due  probably 
to  their  being  less  powerful  combinations  than  the  others  ;  he 
also  remarked  that  the  présence  of  a  small  quantity  of  free 
oxygen  in  a  gas  is  sufficient  to  make  it  attractive  to  the 
magnet. 

We  may  also  remark  that  M.  Plucker  came  to  the  conclu- 
sion, as  did  M.  E.  Becquerel  and  Mr.  Faraday ,  that  the  mag- 
netism  of  oxygen,  and  in  gênerai  of  magnetic  mixtures  and 
combinations,  is  proportional  to  the  density  of  the  gas.  He 
operated  in  ail  his  expérimenta  with  a  bubble  of  glass, 
the  feeble  magnetism  of  which  was  compensated  by  that  of 
the  surrounding  air,  so  that  the  action  of  the  magnet  upon 
the  bubble  empty  of  air  was  perfectly  null  ;  it  was  1-77  in.  in 
diameter,  and  at  the  ordinary  pressure  contained  a  volume  of 
oxygen,  weighing  only  0*87  gr.  The  attraction  exercised 
upon  this  gas  by  the  electro-magnet  was  équivalent  to  a  weight 
of  0*308  gr.,  which  gave  M.  Plucker  for  the  spécifie  mag- 
netism of  oxygen,  compared  weight  for  weight  with  iron  taken 
as  unity,  -0003500  instead  of  -0000377,  found  by  M.  E. 
Becquerel.  Mr.  Faraday,  in  the  Table  we  hâve  just  intro- 
duced,  gives  17*5  for  the  magnetism  of  oxygen,  the  diamag- 
netism  of  water  being  96-6;  which  leads  to  +  1-81  for 
oxygen,  water  being  —  10.  But  this  resuit  is  perfectly  in 
accordance  with  that  of  M.  E.  Becquerel  (p.  29.);  a  proof 
that  his  number,  and  not  M.  Plucker's,  should  be  accepted. 

Thus,  it  follows  equally  from  the  experiments  of  MM.  E. 
Becquerel,  Faraday,  and  Plucker,  that  oxygen  is  a  body  emi- 
nently  magnetic  ;  and  that  with  respect  to  other  gases,  if  we 
except  some  that  are  magnetic  on  account  of  the  oxygen  they 
contain,  the  greater  numbers  do  not  expérience  from  the  elec- 
tro-magnet any  kind  of  action,  the  diamagnetism,  which  we 
suppose  we  hâve  remarked  in  them,  being  apparent  only,  and 
arising,  as  we  hâve  said,  from  the  experiments  being  made  in 
air,  which  is  a  magnetic  fluid. 

We  hâve  described  the  works  of  MM.  Tyndall  and 
Knoblauch  on  magneto-crystalline  phenomena;  since  that 
time  Mr.  Tyndall  lias  added  some  new  facts  in  confirmation 
of  the  very  simple  and  ingenious  theory,  which  makes  the 
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effects,  produced  by  the  action  of  the  magnet  upon  crystals, 
to  dépend  solely  upon  the  particular  mode  of  the  groupment 
of  their  particles.  This  élever  philosopher  has  in  particu- 
lar succeeded  in  imparting  to  solid  substances  by  strong 
pressure,  and  without  the  necessity  of  reducing  them  to 
powder,  a  molecular  state,  which  causes  them  to  assume, 
between  the  pôles  of  an  electro-magnet,  a  direction  dépend- 
ingupon  the  direction  of  the  pressure,  thathas  been  exercised 
upon  them. 

M.  Matteucci  obtained  the  same  effects  from  compression, 
both  upon  sulphur  and  upon  stearic  acid,  as  well  as  upon 
bismuth.  The  pièces  submitted  to  compression  were  placed 
between  two  glass  cheeks  in  a  vice,  so  that  ail  the  points  of 
their  two  surfaces  were  equally  compressed  ;  they  were  then 
washed  in  hydrochloric  acid  to  free  them  of  ail  impurity  ;  the 
form  of  cubes  had  been  given  to  them  ;  and  thèse  cubes,  being 
suspended,  so  that  the  line  of  compression  was  horizontal, 
constantly  took  a  direction  between  the  pôles  of  the  electro- 
magnet,  so  that  this  line  was  perpendicular  to  the  polar  line. 
On  taking  a  cube  of  0*39  in.,  and  cutting  from  the  side 
that  had  been  strongly  compressed  prismatic  needles  in  dif- 
férent directions,  they  directed  themselves  equatorially  or 
axially,  according  as  the  line  of  compression,  was  parallel  or 
perpendicular  to  their  axis,  which  dépends  on  the  manner  in 
which  they  hâve  been  eut.  If  the  prismatic  needles  are  eut 
from  masses  of  crystallised  bismuth,  very  decided  différences 
are  observed  between  them,  according  as  their  cleavage 
faces,  which  are  always  parallel  to  their  length,  are  horizontal 
or  vertical.  Thus  three  needles  of  the  same  length  (0*72 
in.),  but  of  différent  weights,  from  17£  to  126  grains 
Troy,  suspended  between  polar  surfaces  1*37  in.  apart, 
always  made  the  same  number  of  oscillations  in  a  time  sen- 
sibly  shorter,  when  the  cleavage  faces  were  vertical,  than 
when  they  were  horizontal:  the  one  that  was  126  grs.  in 
weight,  made  20  oscillations  in  52  seconds  in  the  former  case, 
and  in  136  seconds  in  the  latter.  If  the  polar  extremities  are 
elongated  into  a  point,  the  différences  are  less.     When  the 
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planes  of  cleavage  are  perpendicular  to  the  axis,  the  needle 
directs  itself  axially  between  the  pôles,  providing  the  polar 
extremities  are  not  too  near  together,  in  which  case  it  is  re- 
pelled  toward  the  equatorial  line. 

M.  Matteucci  succeeded  in  imitating  ail  the  effects  of 
crystallised  bismuth,  by  forming  cubes  and  needles,  by 
means  of  small  very  thin  plates  of  bismuth,  obtained  by 
dropping  liquid  bismuth  in  small  drops  from  a  certain 
height  upon  a  marble  plane  :  this  is  one  more  proof  that  the 
cleavage  planes  act  as  separated  plates.  Moreover,  M.  Mat- 
teucci felt  a  difficulty  in  explaining  ail  magneto-crystalline 
phenomena  by  the  theory  of  MM.  Tyndall  and  Enoblauch  ; 
he  does  not  see  to  what,  in  this  theory,  he  must  trace  the 
very  great  différence  of  the  répulsive  force,  that  causes  a 
needle  of  bismuth  to  oscillate,  whose  planes  of  cleavage  are 
parallel  to  its  axis,  according  as  thèse  planes  are  vertical  or 
horizontal.  He  also  finds  the  following  experiment  far  from 
reconcilable  with  this  theory;  when,  having  suspended 
between  the  pôles  of  the  electro-magnet  a  needle  of  sulphate 
of  lime,  to  the  extremities  of  which  are  fixed  two  cubes  of 
bismuth,  he  saw  the  needle  always  repelled  in  the  equatorial 
line,  when  the  cleavage  faces  were  either  horizontal  or 
parallel  to  its  length  ;  and,  on  the  contrary,  travel  to  the  line 
of  the  pôles,  when  the  cleavage  faces  were  perpendicular  to 
the  length  of  the  needle.  The  polar  faces  in  this  case  were 
square,  and  2  in.  apart.  This  experiment  does  not  appear  to 
us,  as  it  did  to  M.  Matteucci,  contrary  to  the  theoretical  ideas 
of  M.  Tyndall  ;  in  fact,  the  two  cubes  of  bismuth,  when  the 
needle  of  sulphate  of  lime  is  placed  axially,  hâve  their  planes 
of  cleavage  perpendicular  to  this  line,  as  ought  to  be  the 
case.  It  is  true  that  they  seem  to  be  attracted  by  the 
magnetic  pôles,  whilst  the  bismuth,  naturally  diamagnetîc, 
ought  to  be  repelled;  but  if  the  needle,  which  carries  the 
two  cubes,  is  placed  equatorially,  then  the  cleavage  planes 
would  be  parallel  to  the  axial  line,  which  would  be  contrary 
to  theory.  There  is  in  this  case,  therefore,  an  opposition 
between  two  contrary  tendencies  ;  and,  if  the  influence  of  the 
cleavage  plane  has  the  superiority,  it  is  due  to  the  size  of  the 
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magnetic  field,  which  is  itsclf  due  to  the  extent  of  the  polar 
surfaces,  and  to  their  distance. 

With  regard  to  the  influence  of  the  horizontal  or  vertical  ar- 
rangement of  the  plane  of  cleavage  upon  the  diamagnetic 
power  of  a  crystal  of  bismuth,  it  is  very  probably  due  to  an 
effect  of  induction.  M.  Matteucci  has  appositely  made  the 
very  curious  remark,  that  of  two  perfectly  equal  cubes  of 
cry8tallised  bismuth,  subjected  to  the  action  of  a  rotating 
electro-magnet,  the  one  whose  cleavage  planes  are  vertical 
and  perpendicular  to  the  planes  of  the  current  of  the  electro- 
magnet,  is  drawn  in  with  much  more  force  than  is  that,  whose 
cleavage  planes  are  horizontal:  in  ail  cases,  amorphous 
masses  of  bismuth  expérience  a  more  considérable  action  than 
those,  that  are  crystallised.  The  différence  is  still  more  sen- 
sible when,  instead  of  cubes  of  crystallised  bismuth,  we  take 
two  cubes  formed  of  very  thin  plates  of  copper,  insulated 
from  each  other  by  a  coat  of  varnish.  The  cube  whose  plates 
are  vertical  assumes  a  very  rapid  rotatory  motion,  under 
.the  influence  of  a  rotating  electro-magnet  over  which  it  is 
suspended  ;  whilst  the  one  whose  plates  are  horizontal  does 
not  feel  the  action  of  the  electro-magnet.  It  appears  that, 
in  the  former  arrangement,  the  induced  currents  may  be 
freely  developed,  and  can  circulate  in  each  plate,  which  is 
not  the  case  with  the  second  arrangement,  in  which  the 
induced  currents  do  not  possess  for  the  completion  of  their 
circuit  any  conductor  beyond  the  inducing  influence. 

Matteucci's  experiments  point  out,  as  Faraday  had  pre- 
viously  remarked,  the  important  part  induction  may  play, 
when  the  action  of  the  magnet  upon  conducting  bodies  is  being 
studied.  This  part  may  even  be  manifested  in  cases  where 
beforehand  we  should  not  hâve  thought  it  possible.  The 
following  are  some  eurious  examples,  which  we  also  owe  to 
Matteucci.  Having  obtained  copper,  silver,  and  bismuth  in 
a  state  of  extrême  division,  by  decompqsing  very  pure  solu- 
tions of  thèse  metals  with  a  very  powerfnl  battery,  he  first 
satisfied  himself,  by  placing  thèse  metallic  powders  in  tubes 
of  straw  or  quill,  that  they  were  very  powerfully  diamag- 
netic ;  he  then  made  of  them  homogeneous  mixtures  by  mixing 
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them  rapidly  with  melted  resin.  Thèse  mixtures  were  dia- 
magnetic  and  perfectly  insulating,  as  might  be  proved  by 
placing  them  with  a  sensitive  galvanometer  in  the  circuit  of  a 
powerful  battery.  However,  sphères  of  0*47  in.  in  diameter, 
formed  of  thèse  mixtures  of  resin  and  metallic  powders  sus- 
pended  by  a  cocoon  thread  at  a  very  little  height  above  the 
pôles  of  an  electro-magnet  that  was  set  rotating,  turned  in 
the  same  direction  as  this  electro-magnet,  accomplishing 
in  this  way  several  révolutions.  This  effect  could  not  be 
due  to  the  diamagnetism  of  the  mixtures,  for  phosphorus  and 
stearic  acid,  which  hâve  a  much  higher  degree  of  diamag- 
netic  power,  do  not  acquire  the  magnetism  of  rotation  under 
the  action  of  the  same  electro-magnet  On  the  other  hand, 
it  was  difficult  to  attribute  this  rotation  to  induced  currents, 
similar  to  those  which  are  developed  in  continuons  metallic 
masses,  for  the  particles  of  which  thèse  powders  are  composed 
are  less  than  0*00039  in.  in  diameter.  However,  it  is  clearly 
in  induction  that  we  must  seek  for  the  explanation  of  thèse 
phenomena  ;  and  the  proof  is,  that  the  mixtures,  formed  with 
the  powders  of  silver  and  of  copper,  manifest  them  with  more 
intensity  than  those  which  contain  divided  bismuth,  a  métal 
that  is  not  so  good  a  conductor  :  the  powders  made  with  the 
oxides  of  the  same  metals,  which  are  not  conductors,  do  not 
produce  any  effect.  It  is  probable,  therefore,  that  a  molecular 
induction  is  brought  about  in  the  particles,  which  gives  rise 
to  a  molecular  current  when  the  particle  is  insulated,  and  to 
a  finite  induced  current  when  several  particles  are  agglo- 
merated,  so  as  to  form  a  continuous  mass.  We  should  find 
in  this  a  remarkable  confirmation  of  the  theory  of  induction 
that  we  hâve  given  above. 

2ncL — General  Theory  of  the  Phenomena  that  are  due  to 
Magnetic  Power. 

For  a  long  time,  led  to  be  regarded  as  only  a  spécial  action, 
being  exercised  upon  a  very  small  number  of  bodies,  the  action 
of  the  magnet  is  now  universal,  namely,  ail  bodies  are  sus- 
ceptible of  experiencing  it.     It  is  true  that  it  is  manifested 
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under  divers  forma,  but  thèse  forms  themselves  are  connectée! 
together  and  are  attached  to  one  gênerai  principle  ;  this  is  the 
point,  that  we  shall  now  endeavour  to  establish.  But,  in  the 
outset,  we  must  call  to  mind  that  the  action  of  the  magnet 
is  identical  with  the  action  exercised  by  closed  electric 
currents  exteriorly  to  the  circuit  which  they  are  traversing  ; 
this  is  now  generally  admitted  by  ail  philosophera,  for  this 
identity  rests  at  once  upon  mathematical  and  upon  expéri- 
mental proofs,  and  particularly  upon  the  fact  that  the  two 
species  of  action  may  in  ail  cases  be  substituted  for  each  other, 
to  produce  the  same  effects  under  the  same  circumstances. 

The  varions  forms  under  which  the  action  of  the  magnet, 
or  that  of  closed  electric  currents,  is  manifested,  may  be  re- 
duced  to  four  principal  heads. 

lst.  Action  upon  magnetic  bodies,  which  consista  of  an 
attraction,  a  directive  force  the  conséquence  of  this  attrac- 
tion, with  a  magnetic  polarity. 

2nd.  Action  upon  diamagnetic  bodies,  which  consista  of  a 
repulsion,  and  a  directive  force  the  conséquence  of  this 
repulsion,  but  without  sensible  magnetic  polarity. 

3rd.  Action  upon  transparent  bodies,  both  solid  and  liquid, 
which  consists  of  the  property  they  acquire  under  the  influ- 
ence of  this  action,  of  rotating  the  plane  of  polarisation  of  a 
ray  of  polarised  light  that  traverses,  them,  through  a  greater 
or  less  angle. 

4th.  Action  upon  ail  very  good  conducting  bodies,  which 
consists  in  the  development  in  thèse  bodies  of  instantaneous 
currents,  called  currents  of  induction. 

If  we  endeavour  to  discover  the  common  and  character- 
istic  properties  on  the  one  hand  of  magnetic  bodies,  and  on 
the  other  hand  of  diamagnetic,  we  find  that  the  former  are 
they  which,  volume  for  volume,  contain  the  greatest  number 
of  chemical  atoms,  and  the  latter  they  which  contain  the 
least.  This  law  which  had  been  already  noticed  in  référence 
to  magnetic  bodies,  when  only  iron,  nickel,  and  cobalt  were 
reckoned  among  magnetic  metals,  is  found  to  acquire  a  re- 
markable  confirmation  and  généralisation,  since  Faraday 
has  added  to  the  list  of  thèse  metals,  manganèse,  chromium, 
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titanium,  cerium,  palladium,  pladnum,  and  osmium.  In  fact,' 
whilst  the  three  former  metals  contain  under  the  same 
volume  230  atoms,  the  seven  following  170,  the  diamagnetic 
metals,  as  gold  and  silver,  contain  only  150,  antimony  and  lead 
85,  and  bismuth  only  74.*  Two  metals  alone  are  an  ex- 
ception; copper,  which  contains  230  atoms,  and  zinc,  170; 
but  thèse  two  metals  are  excellent  conductors  of  electricity, 
whilst  ail  the  other  metals  of  the  two  same  catégories,  which 
are  magnetic,  are  very  bad  conductors.  It  would  therefore 
appear  that  the  magnetic  power  would  be  a  direct  function 
of  the  number  of  atoms  contained  in  the  same  volume,  and 
inversely  to  the  electric  conductibility;  on  this  account  it 
is  that  gold  and  silver  should  each  of  them  be  diamagnetic, 
and  not  magnetic;  they  are  so  in  fact,  together  with  copper 
and  zinc,  which  are  the  best  conductors  of  electricity,  and 
they  moreover  contain  only  150  atoms,  volume  for  volume, 
instead  of  230  and  170. 

Diamagnetic  bodies  would  therefore  be  those  which,  volume 
for  volume,  contain  the  smallest  number  of  atoms,  or  which, 
if  they  contain  more,  are  very  good  conductors  of  electricity. 
It  is  remarkable  that  thèse  latter  are  very  slightly  diamag- 
netic, and  consequently  very  near  the  limit  ;  and  that  even, 
as  we  shall  see  hereafter,  they  may  under  certain  circum- 
stances  become  magnetic.  But  an  important  point  to  be 
noticed  is  the  relation  existing  between  the  diamagnetism 
of  bodies  and  their  magnetic  rotatory  power.  It  is  in  error 
that  several  philosophers,  who  hâve  been  engaged  upon  this 
subject,  hâve  regarded  thèse  two  properties  as  independent  of 
each  other.  From  the  very  commencement  of  thèse  researches, 
Faraday  had  happily  recognised  this  dependence;  and  it  is 
not  without  reason  that,  after  having  discovered  that  the  in- 
fluence of  magnetism  caused  the  plane  of  polarisation  în  a 
prism  of  heavy  glass  to  rotate,  he  found  that  this  prism 
directed  itself  equatorially  between  the  pôles  of  the  electro- 
magnet. 

The  following  then  are  the  relations,  that  connect  thèse 

*  For  the  calculation  of  thèse  numbers,  the  atoinic  weights  deduced  from  the 
spécifie  beats  hâve  been  taken. 
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two  properties  with  each  other.  The  former,  which  is  the 
position  that  the  diamagnetic  body  assumes  in  order  to  escape 
from  the  action  of  the  magnet,  namely,  the  equatorial  position, 
is  that  in  which  the  body  ceases  to  possess  rotatory  magnetic 
power,  supposing  that  the  polarised  ray  always  traverses  it 
in  the  direction  of  its  length.  The  latter  is  that  ail  the  cir- 
cumstances,  which  increase  in  the  same  body  the  rotatory 
magnetic  power,  equally  increase  its  diamagnetic  power. 
Thus  M.  Wiedemann  demonstrates  that  the  rotation  of  the 
plane  of  polarisation  is  proportional  to  the  intensity  of  the 
current,  or  of  the  magnet  that  is  acting  upon  the  substance  ; 
and  we  hâve  seen,  on  the  other  hand,  that  the  diamagnetism 
is  in  like  manner  proportional  to  this  intensity.  We  know 
that  crystals  hâve  a  very  feeble  rotatory  magnetic  power  : 
now  their  diamagnetism  is  also  feeble  on  account  of  their 
molecular  constitution,  which  causes  them  to  be  directed 
sometimes  axially  instead  of  eqnatorially.  The  third  relation 
is  that  substances,  which  by  their  nature  hâve  the  greatest 
amount  of  diamagnetism,  are  also  they  which  exercise  the 
most  powerful  rotatory  action  upon  the  plane  of  polarisation; 
and  reciprocally,  the  more  a  substance  is  magnetic,  the  less 
decided  is  this  action.  This  fact  is  derived  from  the  experi- 
ments  of  M.  E.  Becquerel,  and  from  those  of  M.  Bertin. 
Thus  the  rotatory  power  and  the  diamagnetism  of  water 
being  each  of  them  10,  chloride  of  magnésium  has  16  for  its 
rotatory  power,  and  12  for  its  diamagnetism;  sulphuret  of 
carbon,  29-3  and  13-3;  chloride  of  calcium  16  and  11*6. 
With  regard  to  magnetic  bodies,  sulphate  of  nickel  has  13*55 
for  its  rotatory  power,  and  21*60  for  its  magnetism;  diluted 
protochloride  of  iron  9*45  and  92;  and  concentrated  proto- 
chloride  of  iron  3  and  6*58.  The  fact  observed  by  M.  Ma- 
thiessen,  that  when  a  glass  contains  a  magnetic  métal,  but 
in  such  small  quanti ty  that  its  transparency  is  not  too  much 
altered,  the  rotation  increases  with  its  thickness,  is  not  op- 
posed  to  the  law  that  we  hâve  just  laid  down  ;  for  in  this  case 
the  body  that  acts  upon  the  light  is  not  magnetic  crystal, 
but  glass;  and  the  métal  only  seems  to  transmit  into  the 
interior  of  the  glass  the  magnetic  power,  that  émanâtes  from 
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the  pôles  by  which  it  is  itself  magnetised.  I  hâve  myself  sub- 
mitted  a  great  number  of  liquid  substances  to  the  action  of 
the  electro-magnet,  in  order  to  détermine  their  relative  dia- 
magnetism  by  means  of  a  torsion  balance,  to  the  wire  of  which 
were  suspended  tubes  of  very  thin  and  very  white  glass, 
filled  successively  with  the  différent  liquids;  and  I  constantly 
found  that  the  order  of  their  diamagnetic  power  was  the 
same  as  that  of  their  rotatory  magnetic  power,  The  num- 
bers,  it  is  true,  that  express  the  two  powers,  are  not  pro- 
portional  ;  but  this  is  not  to  be  wondered  at  ;  for,  seeing  the 
very  différent  form  of  the  two  phenomena  manifested  upon 
the  substance  by  the  action  of  the  niagnet,  it  is  impossible  to 
admit  that  the  two  results  are  the  same  function  of  forces  put 
into  play  in  this  double  action. 

We  hâve  nothing  to  add  to  what  we  hâve  already 
said  upon  induction  ;  we  hâve  merely  to  repeat  that  its 
intensity  is  a  function  of  the  conductibility  of  bodies  for 
electricity,  and  that  it  dépends  consequently  both  upon 
their  dimensions,  and  the  greater  or  less  conducting  power 
of  their  particles. 

After  having  thus  analysed  the  phenomena,  that  are  due 
to  the  action  of  the  magnet,  and  having  endeavoured  to 
establish  the  relations  and  différences,  that  exist  between 
them,  it  remains  for  us  to  seek  for  a  theory,  which  may 
collect  them  under  one  and  the  saine  gênerai  principle. 

The  first  point  that  I  wish  to  establish  is  that  dia- 
magnetism  is  not  a  magnetism  relatively  more  feeble.  I 
hâve  already  combated  this  opinion,  which  assimilâtes 
diamagnetism  to  magnetism, —  an  opinion  that  had  strongly 
induced  M.  E.  Becquerel  to  admit  that  vacuum  is  magnetic, 
and  is  more  so  than  a  very  great  number  of  bodies  :  I  shall 
not,  therefore,  return  to  it;  I  shall  merely  add  that  there 
hâve  never  been  found  in  diamagnetic  bodies,  when  they 
are  under  the  influence  of  powerful  magnets,  any  traces 
of  pôles,  such  as  they  ought  to  acquire,  if  thèse  bodies  are 
really  endowed  with  magnetism.  It  is  true,  on  the  other 
hand,  that  some  experimentalists  think  they  hâve  detected 
contrary  pôles  to  those  which  they  ought  to  hâve  according 
to   M.  E.  Becquerel's   theory,   namely,  pôles  of  the  same 
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name  as  the  magnetic  pôles  nearest  to  them  ;  which  would 
inake   diamagnetism  seem  to  be  the  antagonism  of  mag- 
netism.     We  hâve  already  gîven  the  expérimenta  by  which 
Poggendorft   Reîch,    and    Weber    thought    they   had   de- 
monstrated  that  magnets  détermine  in  diamagnetic   bodies 
polarity  homogeneous  to  their  own.     We  hâve  seen  that 
thèse    experiments    might    receive   another  interprétation; 
and  that,  in  particular,  their  effects  were  essentially  due  to 
the  production  of  induction  currents  over  the  surface  of  the 
metals   submitted   to   the   influence   of  electro-magnets,  or 
merely  to  that  of  closed  currents.     But  Weber  took  up  the 
subject  anew  and  arrived  at  results,  that  really  seem  favour- 
able   to   the   idea  of  diamagnetic  polarity.     In  this  work, 
in  which  he  has  discussed  with  remarkable  care  ail  magnetic 
and  diamagnetic  phenomena,  while  attributing  the  former 
to  molecular  currents  pre-existing  around  the  particles  and 
only  movable  with   them,   according  to   Ampère's   theory, 
he  is   led  to   consider  the  latter   as   depending  npon  the 
existence,  in  the  interior  of  the   bodies,  of  electric  fluids 
put  into  the  state  of  current  by  a  powerful  exterior  cause, 
such  as  the  pôles  of  an  electro-magnet.     In  this  case,  the 
currents  would  not  pre-exist,  and  would  not  be  connected 
in  an  indissoluble  manner  with  the  particles,  as  in  the  case 
of  magnetic  bodies.     But  he  was  still  led  by  his  theory  to 
admit  a  diamagnetic  polarity,  the  inverse  of  magnetic  polarity. 
Two  séries  of  experiments  seem  to  him  to  prove  the  ex- 
istence of  this  polarity.     In  the  first,  a  long  hélix  is  placed 
vertically  between  the  two  pôles  of  a  very  light  horse-shoe 
magnet,  and  delicately  suspended  by  a  vertical  silk  thread, 
fixed  by  its  lower  extremity  to  the  middle  of  a  cross-piece 
which   unités,   near   the  bend,  the  two   parallel    branches 
of  the  magnet,  which   is   situated  in   a  horizontal   plane. 
When  the  hélix  is  traversed  by  the  current,  ail  is  symmetrical 
in  every  respect  ;  the  magnet  dœs  not  move,  the  two  pôles 
being  equally   either   attracted   or  repelled  by  the  hélix, 
according  to  the  direction  of  the  current  that  traverses  it  ; 
but  if  a  cylinder  of  bismuth  is  made  to  move  in  the  interior 
of  the  hélix,  we  observe,  setting  out  from  the  position  in 
which   the  middle  of  the  cylinder  is  in  the  plane  of  the 
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magnet,  that  if  we  raise  it  the  magnet  moves  in  one  direc- 
tion, and  that  if  we  lower  it  it  moves  in  the  other  direction, 
which  seems  to  indicate  two  opposite  pôles  at  the  extremities 
of  the  cylinder.  With  an  iron  wire,  substituted  for  the 
bismuth,  the  same  movement  is  observed,  but  in  an  opposite 
direction.  But  what  is  singular  is  that  a  similar  movement, 
and  almost  equally  powerful,  occurs  when  the  bismuth  is 
moved  in  the  hélix,  without  the  latter  being  traversed  by 
an  electric  current;  only  the  movement  occurs  in  an 
opposite  direction:  it  is  more  powerful  when  the  bismuth 
is  raised  than  when  it  is  lowered,  which  is  the  reverse  of 
what  happens  when  the  hélix  is  traversed  by  the  electric 
current  It  is  évident  that,  in  thèse  experiments,  the 
bismuth  expériences  a  modification  in  its  magnetic  or  electro- 
dynamic  relations,  from  the  mère  circumstance  of  its  being 
surrounded  by  electric  currents:  this  is  not  astonishing; 
since,  if  it  were  transparent,  this  modification  would  be  de- 
tected  by  the  rotation  of  the  plane  of  polarisation.  The 
whole  of  thèse  experiments,  in  fact,  seem  to  prove  that  this 
modification  consista  in  the  production  of  a  polarity  such 
as  Weber  conceived.  However,  how  are  we  to  explain 
the  action  of  the  bismuth,  when  it  is  not  surrounded  by 
electric  currents?  In  this  case,  it  ought  to  repel  equally 
both  pôles  of  the  movable  magnet;  and  the  latter,  con- 
sequently,  ought  to  hâve  no  movement  Finally,  in  order 
to  be  quite  assured  that  the  induction  currents  played  no 
part  in  this  new  forni,  given  to  thèse  experiments,  Weber 
ought  to  hâve  employed  other  metals  besides  bismuth,  and 
to  hâve  shown  that  the  effects  obtained  are  less  with  metals 
that  are  less  diamagnetic. 

The  same  observation  applies,  and  with  still  greater 
force,  to  the  second  séries  of  Weber's  experiments.  In 
this  séries  there  are  two  concentric  hélices,  well  insulated 
from  each  other;  the  outer  one  is  traversed  by  an  electric 
current,  the  inner  one  is  placed  in  communication  by  its 
two  extremities  with  a  galvanometer  ;  and  a  cylinder  of 
bismuth  is  moved  within  it.  Care  is  taken  to  wind  one  half 
of  the  spiral  of  this  interior  hélix  in  a  contrary  direction 
to  that  of  the  other  half,  so  that  the  inductive  effects,  pro- 
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duced  by  the  successive  introduction  of  two  différent 
magnetic  pôles,  may  be  added  together.  The  experiment 
is  conducted  in  such  a  manner  that  a  commutator  sets  the 
bismuth  in  motion  at  the  same  time  that  it  changes  the 
communications  of  the  hélix  with  the  galvanometer,  so  that 
the  induction  currents  always  travel  in  the  latter  in  the 
same  direction,  and  their  effects  are  consequently  added 
together.  A  séries  of  induced  currents  is  thus  obtained, 
which  are  detected  by  their  action  upon  the  galvanometer  ; 
and,  by  substituting  an  iron  wire  for  the  rod  of  bismuth, 
we  also  obtain  currents,  but,  under  the  same  conditions, 
moving  in  opposite  directions.  We  might,  perhaps,  propose 
to  M.  Weber  the  objection  that  the  présence  of  the  cylinder 
of  bismuth  ought  to  modify  the  action  of  the  exterior  hélix 
upon  the  interior,  and  consequently  explain  the  development 
of  the  currents,  that  are  detected  by  the  galvanometer.  In 
this  séries  of  expérimenta,  as  well  as  in  the  former,  M.  Weber 
ought  to  hâve  employed  not  only  other  metals  besides 
bismuth,  but  also  metals  drawn  into  thin  wires  and  made 
up  into  bundles,  in  order  to  compare  their  effects  with  those 
of  similar  metals  forming  solid  cylinders  ;  which  is  the  only 
mode  of  thoroughly  distinguishing  the  effects  due  to  polarity 
from  those  which  arise  from  induction  currents,  developed 
upon  the  surface  of  masses  introduced  into  the  hélix. 

The  fact  of  diamagnetic  polarity  appears  to  us  however  to 
hâve  been  very  well  established  by  M.  Weber's  récent  re- 
searches,  although  there  are  still  against  him  certain  néga- 
tive facts,  such  especially  as  those  recently  pointed  out  by 
M.  Matteucci.  This  philosopher  constructed  four  hélices 
perfectly  similar,  which  he  arrangea  vertically  at  the  four 
corners  of  a  square  wooden  slab  ;  an  astatic  needle  was  deli- 
cately  suspended  in  the  middle  of  the  four  hélices  ;  and  the 
apparatus  was  so  constructed  that  no  motion  was  produced 
upon  the  needle,  when  a  discharge  or  a  séries  of  discharges 
passed  in  the  hélices.  He  had  merely  to  fill  the  interior  of  the 
two  hélices  placed  at  the  extremity  of  one  of  the  diagonals 
with  a  mixture  of  wax  and  small  quantities  of  colcothar  (oxide 
of  iron)  in  order  to  obtain  very  marked  effects  at  the  moment 
when  the  discharge  was  passing.     By  substituting  cylinders 
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of  bismuth  for  the  magnetic  cylinders,  not  the  slightest  motion 
of  the  astatic  needle  was  obtained.  However,  the  diamag- 
netic power  of  bismuth  was  far  superior  to  the  magnetic 
powers  of  the  mixture  of  wax  and  colcothar  ;  which  seems  to 
prove  that  diamagnetism  is  not  the  resuit  of  a  polarity  of  the 
same  kind  as  magnetic  polarity.  M.  Matteucci  also  proved 
that  by  employing  non-conducting  diamagnetic  bodies,  such. 
as  phosphorus,  sulphur,  or  stearic  acid,  instead  of  metals,  no 
inductive  effect  was  produced  either  in  one  direction  or  in  the 
other.  We  shall  see  further  on  that  the  interesting  facts 
obserred  by  Matteucci  are  not  in  opposition  to  the  existence 
within  diamagnetic  bodies  of  a  particular  species  of  polarity. 

Mr.  Faraday  does  not  admit  of  diamagnetic  polarity  ;  we 
hâve  already  said  that  he  regards  the  action  exercised  by 
magnets  upon  magnetic  and  diamagnetic  bodies  as  the  résulta 
of  forces  emanating  from  the  pôles  of  magnets,  according  to 
certain  directions,  and  which  he  calls  Unes  of  force,  and  the 
whole  of  which  constitute  the  magnetic  field.  The  présence 
of  a  body  in  this  magnetic  field  modifies  the  directions  of  the 
lines  of  force  :  if  the  body  is  magnetic,  it  concentrâtes  the  lines 
of  force  ;  if  diamagnetic,  it  makes  them  diverge.  This  modifica- 
tion, brought  about  in  the  distribution  previously  uniform  of 
thèse  lines  of  force,  gives  rise  to  attractive  movements  for  mag- 
netic bodies,  and  répulsive  for  diamagnetic.  Mr.  Faraday  en- 
tered  into  adetailed  study  of  the  magnetic  field,  and  the  direction 
of  the  lines  of  force,  a  very  exact  idea  of  which  is  given  by 
the  distribution  of  iron  filings  around  and  between  the  pôles 
of  magnets.  We  hâve  already  seen  that  he  succeeded  in  em- 
ploying induction  to  demonstrate  the  equality  and  the  distribu- 
tion of  thèse  lines  of  force  in  the  magnetic  field.  It  follows 
indeed  from  the  experiments  to  which  we  hâve  referred  in  the 
chapter  on  induction  that,  at  whatever  distance  from  the  mag- 
net  thèse  lines  are  eut,  the  induction  current,  collected  by 
the  movable  wire  by  which  they  are  eut,  possesses  the  same  in-" 
tensity  ;  which  proves  that  magnetic  force  has  a  definite  value, 
and  that  for  the  same  lines  of  force,  this  value  remains  the 
same  at  ail  distances  from  the  magnet:  neither  the  con- 
vergence or  divergence  of  the  lines,  nor  yet  the  greater  or 
less  obliquity  of  the  intersection  introduces  any  différence 
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into  the  sum  of  their  power.  The  study  of  the  internai  part 
of  the  magnet  leads  as  to  recognise  that  the  Unes  of  force 
hâve  there  also  a  definite  power,  and  perfectly  equal  to  that 
of  the  exterîor  lines,  which  are  only  the  continuation  of  the 
others;  and  this  whatever  the  distance  may  be,  which  may 
be  infinité,  to  which  they  are  prolongea. 

We  must  not  forget  that  Mr.  Faraday,  hy  the  term  lines 
of  magnetic  force,  expresses  the  power  of  the  force  of  mag- 
netic polarity,  and  the  direction  according  to  which  it  is  ex- 
ercised.  If  the  magnetic  field  is  composed  of  equal  forces 
equally  distributed,  as  may  easily  be  obtained  with  a  horse- 
shoe  electro-magnet,  we  hâve  merely  to  place  a  sphère  of  iron 
or  nickel  in  this  field,  to  cause  an  immédiate  disturbance  in 
the  direction  of  the  lines  of  force.  The  forces  are  not  only 
concentrated,  but  are  bent  or  modified  in  their  direction  by 
the  métal  sphères  that  are  introduced  ;  they  expérience  a  con- 
vergence upon  the  opposite  faces  of  a  magnetic  sphère  and  a  cor- 
responding  divergence  upon  the  opposite  sides  of  a  diamagnetic 
sphère.  It  is  this  property  that  Faraday  expresses  by  the 
words  conduction  polarity.  Température  diminishes  the  power 
possessed  by  bodies  of  affecting  the  direction  of  the  lines  of 
force,  and  even  causes  them  to  disappear  at  a  certain  point 
This  may  be  proved  by  observing  that  a  small  magnetised 
needle,  about  the  tenth  of  an  inch  in  length,  which  always 
places  itself  parallel  to  the  lines  of  force,  in  the  différent 
points  of  the  magnetic  field,  first  changes  its  direction  near 
sphères  of  iron  or  nickel,  then  recovers  its  parallelism  when 
the  two  sphères  are  raised  to  a  sufficient  température.  The 
oxygen  of  the  air,  which,  in  virtue  of  its  magnetic  properties, 
ought  to  modify  the  direction  of  the  lines  of  force  of  terres- 
trial  magnetism,  loses  in  great  part  also  this  property  by  the 
élévation  of  température,  which  furnished  Mr.  Faraday,  as 
we  shall  see,  with  an  ingénions  explanation  of  the  diurnal 
variations  of  the  magnetised  needle. 

The  few  words,  that  we  hâve  been  devoting  to  Faraday's 
theoretic  ideas,  are  sufficient  to  make  them  understood  :  the 
fundamental  idea  of  the  illustrious  philosopher  is  in  the  main 
the  négation  of  ail  action  at  a  distance,  and  the  explanation 
of  the  phenomena  by  continuons  force,  forming  what  he  calls 
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lines  of  force.  Bodies,  by  their  présence,  modify  thèse  Unes 
of  force;  and  there  arise  directive  motions,  which  are 
manifested  by  the  disposition  of  thèse  bodies  to  place  them- 
selves  according  to  their  nature,  either  axially  or  equa- 
torially,  namely,  in  the  places  where  the  force  is  A 
its  maximum,  or  in  those  where  it  is  at  its  minimum.  A 
learned  English  philosopher,  Mr.  Thomson,  on  applying 
calculation  and  notions  of  mechanics  to  Faraday's  ideas,  found 
that  they  represented,  in  a  remarkably  exact  manner,  what 
takes  place  in  this  order  of  phenomena,  providing  we  take  into 
account  the  mutual  action  of  the  parts  of  which  the  bodies  are 
composed  that  are  submitted  to  magnetic  influence.  Mr. 
Thomson  has  also  made  a  great  many  expérimenta  upon 
small  wires,  and  upon  cubes  of  iron,  arrangea  in  différent 
manners,  by  suspending  them  near  to  or  within  a  ring  tra- 
versed  by  an  electric  carrent;  and  lie  always  perceived  that 
thèse  bodies  placed  themselves  parallel  to  the  lines  of  force. 

We  cannot  altogether  acquiesce  in  Faraday's  ideas,  how- 
ever  ingenious  they  may  be.  Does  the  magnetic  field  really 
exist,  as  the  learned  philosopher  conceives  it  to  be,  namely, 
independently  of  the  bodies  by  which  its  existence  is  made 
manifest?  This  is  the  point  upon  which  I  hâve  some 
doubts.  I  am  rather  disposed  to  admit  that  magnetic  forces 
are  exercised  only  so  long  as  there  is  a  body  which  détermines 
their  manifestation.  M.  E.  Becquerel  has  already  démon- 
strated  that  the  action  of  the  magnet  upon  magnetic  and 
diamagnetic  bodies  is  proportional  to  the  square  of  the  inten- 
sity  of  the  magnet  or  of  the  current,  and  not  to  the  simple 
intensity,  which  shows  that  thèse  bodies  enter,  on  their  own 
part,  into  the  production  of  the  effect,  and  that  they  do  not 
play  simply  a  passive  part  Mr.  Tyndall  arrives  at  •  the 
same  conclusion,  as  the  resuit  of  numerous  experiments, 
made  eqnally  upon  diamagnetic  and  magnetic  bodies.  He 
even  believes  he  has  found  that  bismuth  acquires  a  magnetic 
polarity,  analogous  to  that  acquired  by  iron,  but  merely  trans- 
verse instead  of  longitudinal.  He  deduces  this  last  conclusion 
from  the  results  he  obtained  by  surrounding  a  pièce  of  either 
ordinary  or  crystallised  bismuth,  when  suspended  in  the  mag- 
netic field,  with  a  hélix  traversed  by  an  electric  current.   He 
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found,  on  placing  the  hélix,  sometimes  parallel  at  other  times 
perpendicular  to  the  axial  line,  considérable  déviations  firom 
the  direction  which  the  bismuth  ought  to  take,  when  not  sur- 
rounded  by  an  electric  hélix  ;  and  he  considers  that  thèse  dévi- 
ations are  explained  by  a  transverse  magnetism  imparted  to  it 
by  the  magnet.  But,  on  the  other  hand,  how  is  the  repulsion  to 
be  explained  ?  What  can  be  said  with  most  truth  is,  as  Mr. 
Tyndall  himself  remarks,  that  the  présence  of  the  hélix,  tra- 
versed  by  an  electric  current,  brings  into  the  magnetic  field 
modifications,  that  cause  the  greater  and  the  less  lines  of 
magnetic  force  to  exchange  places,  which  become  inclined  to 
the  axial  or  equatorial  direction.  Finally,  we  may  remark 
further,  that  if  the  lines  of  force  are  sufficient,  as  Faraday 
admits  they  are,  to  explain  ail  the  phenomena,  why  hâve 
thèse  lines  need  of  the  intervention  of  a  body  in  order  to 
act  upon  the  polarised  ray,  and  cannot  they  act  directly 
upon  this  ray  in  vacuo  ?  a  resuit  which  we  hâve  not  been 
able  to  succeed  in  obtaining  although  employing  even  a  very 
considérable  magnetic  power. 

From  this  long  discussion,  we  deduce  : 

lst.  That  bodies,  submitted  to  the  action  of  magnetic 
force,  undergo  modifications  which  détermine  the  motions 
they  exécute  under  the  action  of  this  force,  as  well  as  other 
effects  which  they  become  capable  of  producing,  such  as  the 
rotation  of  the  plane  of  polarisation  : 

2ncL  That  thèse  modifications  are  not  of  the  same  order  in 
magnetic  and  in  diamagnetic  bodies  ;  in  other  words,  that  thèse 
latter  do  not  acquire  a  polarity  similar  to  that  acquired  by 
magnetic  bodies  : 

3rd.  That,  consequently,  neither  M.  E.  Becquerel's  theory, 
which  assimilâtes  diamagnetic  bodies  to  magnetic,  nor 
Faraday's,  which  attributes  to  the  bodies  only  a  passive  part, 
appears  to  us  to  explain  in  a  satisfactory  manner  the  différent 
forms  under  which  magnetic  power  is  manifested,  whilst 
"Weber's  theory  would  seem  better  to  represent  this  order  of 
phenomena. 

Let  us  inquire,  then,  whether  or  not  there  are  any  means 
of  attaching  this  latter  theory  to  a  gênerai  principle,  allowing 
ourselves  to  be  simply  guided  by  the  results  of  expérimenta 

Digitized  by  VjOOQ  IC 


48      PHENOMENA  DUE  TO  MAGNETIC  POWER. 

When  we  study  electro-chemical  phenomena,  we  are  for- 
cibly  led,  as  we  shall  see,  to  admit  a  simple  relation  between 
the  atom  and  electricity.  Ampère  had  sapposed  that  each 
atom  of  matter  possesses  an  electricity  proper  to  itself  either 
positive  or  négative,  and  that,  in  the  state  of  equilibrium,  it  is 
snrrounded  by  an  atmosphère  of  electricity  of  a  contrary  nature 
to  its  own,  and  which  disguises  the  latter.  This  hypothesis, 
which  very  elegantly  explains  a  certain  number  of  facts,  is 
open  to  grave  objections;  in  particular,  it  does  not  at  allexplain 
how  the  same  atom  can  be  sometimes  positive,  at  other  times 
négative,  according  to  the  atom  with  which  it  is  put  in  relation, 
which  we  must  admit,  if  we  would  explain  a  great  number  of 
chemical  facts.  Berzelius  had  admitted  that  each  atom  has 
two  electric  pôles,  one  positive,  the  other  négative.  He  had 
founded  his  hypothesis  on  the  existence  of  thèse  two  pôles  in 
the  molécules  of  tourmaline  and  of  certain  crystals.  But  to 
this  simple  hypothesis,  another  was  added,  which  was  not  at 
ail  probable,  founded  upon  the  fact  that  there  are  some  con- 
ductors  which  conduct  one  of  the  electricities  better  than 
the  other,  an  assumption  since  demonstrated  to  be  înaccurate. 
This  hypothesis  was  that  atoms  are  unipolar,  that  is  to  say, 
that  they  keep  but  one  of  their  electricities  in  combining 
together,  and  abandon  the  other.  We  shall  see  hereafter 
that  this  hypothesis  is  not  necessary  to  the  explanation  of 
chemical  and  electro-chemical  phenomena,  which  may  be 
very  well  reconciled  with  the  idea  of  polarity,  such  as 
Berzelius  had  supposed,  without  any  need  of  adding  thereto 
unipolarity.  I  am  therefore  disposed  to  admit  in  the  atom 
a  natural  polarity  ;  ail  the  facts  relating  to  the  development 
of  electricity,  particularly  by  heat,  seem  to  lead  in  this  ;  and 
with  respect  to  the  objection  raised,  that  the  atom  being 
naturally  spherical,  there  is  no  obvious  reason  that  it  should 
hâve  a  polarity  in  one  direction  rather  than  in  another,  we 
hâve  only  to  suppose,  which  is  far  from  being  improbable, 
that  each  atom  of  matter  originally  received  a 'motion  of 
rotation  upon  itself;  and  we  then  obtain  for  the  atom  an  axis 
and  a  direction  of  rotation,  and  consequently  a  différent  pôle 
at  each  extreraity  of  the  axis. 
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Setting  ont  from  this  primitive  polarity  of  the  atom,  it  is 
easy  for  us  to  deduce  from  it,  according  to  the  known  laws  of 
electricity,  the  properties  that  are  manifested  by  bodies  under 
the  action  of  the  magnet  or  of  closed  electric  currents.  We 
may  first  remark  that,  when  an  atom  is  isolated,  that  is  to  say, 
at  too  great  a  distance  to  be  influenced  by  the  neighbouring 
atonis,  the  two  electricities,  accumulated  at  the  extremities  of  its 
axis,  ought  constantly  to  imite  by  its  very  surface,  and  this 
with  the  greater  facility  asitis  in  itself  of  a  better  conducting 
nature.  For  instance,  let  a  {fig.  177.),  be  the  atom,  b  and  c, 
A  the  extremities  of  its  axis  or  its  two 

pôles;  the  -f-  electricity,  constantly 
carried  to  6,  tends  to  unité  itself  by 
the  surface  of  the  atom  with  the  né- 
gative electricity  that  is  carried  to  c  ; 
there  arises,  therefore,  from  this  a 
current  going  from  c  to  6,  through 
Fig.  177.  the  axis,  and  from  b  to  con  the  whole 

surface  of  the  atom.  Thus,  we  may  consider  the  atom  as 
traversed  by  a  current,  that  returns  to  its  point  of  departure, 
by  the  surface  of  the  atom  itself.  The  latter  is,  therefore,  in 
a  state  of  electric  equilibrium,  since  the  two  currents,  one  of 
which  traverses,  and  the  other  surrounds  it,  are  equal  and  in 
contrary  directions.     But,  if  a  certain  number  of  atoms  are 

approximated     to     within 
such  a  very  small  distance 
of   each  other,  that  their 
/*~^$     ^v_^     V- — n,         mutual  influence  may  be 

exercised,  then  they  become 


V] 

Q/~~**\    /    a   is   in  contact  with  the 
(    °    )        P°le  ""  of  the  atom  b;  the 


Î\^y  Vl^/    t   so    arranged   {fig.     178.), 


that  the  pôle  +  of  the  atom 
a   is   in  contact  with  the 


•©■ 


of  c  ;  and  so  on,  until  they 

form  a  chain,  of  which  the 

^Figm  17^"  last  atom,  for  example,  lias 

its  -t-  pôle  in  contact  with 
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the  -of  a.  We  hâve  thus  an  intégrant  molécule,  sur- 
ronnded  by  one  electric  carrent,  circulating  about  it.  The 
nnmber  of  atoms  that  enters  into  its  formation,  dépends  upon 
the  molecnlar  constitation  of  the  body,  whîch  is  not  regu- 
lated  any  more  than  cohésion  is,  by  electric  polarity,  bnt 
which  descends  probably  on  the  mass  of  the  atom.*  In  order 
that  this  electric  carrent,  whose  formation  we  hâve  been  de- 
scribing,  may  be  established  aroond  the  intégrant  molécule, 
the  latter  most  be  composed  of  atoms,  that  are  very  near  to- 
gether.  Now,  which  are  the  bodies  that  are  in  this  condition? 
We  hâve  seen,  at  the  commencement  of  this  paragraph,  that 
they  are  the  magnetic  bodies.  Thus,  therefore,  magnetic 
bodies  are,  by  the  very  fact  of  the  approximation  of  their  atoms, 
bodies  each  of  whose  intégrant  particles,  compounded  of  a 
greater  or  less  nnmber  of  atoms,  is  surrounded  by  an  electric 
carrent  In  the  nataral  state,  the  particles,  left  to  themsel ves, 
so  arrange  themsel  ves  that  ail  thèse  electric  currents  mutually 
neutralise  each  other  ;  but  if  we  now  exert  on  the  magnetic 
body  an  exterior  action,  by  presenting  to  it  a  magnet  or 
an  electric  carrent,  we  compel  the  particles  so  to  arrange 
themselves,  that  their  currents  are  parallel  to  those  of  the 
magnet,  or  of  the  carrent  presented  to  them.  And  thus  mag- 
netism  is  produced  ;  it  is  temporary  if  the  particles  do  not  pré- 
serve the  position,  which  the  exterior  force  has  impressed  upon 
them,  after  this  force  hasceased  ;  it  is  permanent,  if  they  do  pré- 
serve it  ;  furthermore,  it  is  the  molecular  constitution  of  bodies 
that  détermines  the  more  or  less  decided  degree  of  this  pro- 
perty,  which  we  hâve  termed  coercitive  force.  We  are  thus 
led  à  priori  to  Àmpère's  theory  of  the  constitution  of  magnets, 
and  to  admit  that  electric  currents  pre-exist  aroond  par- 
ticles, and  that  magnétisation  simply  consists  in  arranging 
them  in  a  common  direction  —  a  conséquence  already  deduced 
from  the  molecular  effects  that  accompany  them.  We  may 
remark  that  it  is  essentially  the  particles  of  the  surface  that 
expérience  this  effect  of  direction,  which  tends,  on  the  con- 

*  We  admit  hère,  with  ail  philosophera,  that  the  différence  existing  between  the 
chemical  atom,  and  the  intégrant  or  physical  molécule,  is,  that  the  molécule  is 
only  an  agglomération  of  a  greater  or  less  nnmber  of  atoms. 
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trary,  to  destroy  the  influence  of  the  interior  particles  ;  and 
this  explains  the  property  of  tempering,  and  why  a  hollow 
magnet  is  more  powerfal  than  a  solid  one  of  the  same 
volume. 

Two  metals  alone  are  exceptions  to  the  law  that  we  hâve 
just  laid  down  ;  thèse  are  copper  and  zinc  ;  they  ought  to  be 
magnetic,  according  to  their  atomic  volume,  and  they  are  not 
so  ;  it  is  true  that  they  are  only  very  feebly  diamagnetic,  but 
they  are  diamagnetic.  We  hâve  already  remarked  that  thèse 
two  same  metals  are  much  better  conductors  than  ail  those 
that  hâve  the  same  atomic  volume  :  now  this  explains  to  us 
why  they  are  not  magnetic,  like  the  others.  Indeed,  in  order 
that  the  electric  current  may  be  established  around  the  inté- 
grant molécule  (which  is  the  characteristic  of  a  magnetic  body), 
it  is  not  only  necessary  that  the  atoms  be  very  near  together, 
but  also  that  they  be  not  of  a  nature  sufficiently  conductible  to 
enable  the  electricities  accumulated  at  their  two  pôles  easily  to 
unité  by  means  of  their  surface,  even  when  they  are  insulated, 
rather  than  to  unité  with  the  contrary  electricities  of  the  two 
atoms,  between  which  each  of  them  is  interposed.  Now  this 
actually  occurs  with  the  atoms  of  copper  and  zinc,  on  ac- 
count  of  their  great  electric  conductibility.  And  so  copper 
may  be  rendered  magnetic,  by  combining  it  with  oxygen  or 
chlorine,  which  diminish  its  conducting  powers. 

The  very  decided  magnetism  of  oxygen  is  explained  by 
admitting  that  each  molécule  of  oxygen  is  formed  of  a  very 
dense  groupof  elementary  atoms  ;  an  hypothesis  that  confirais, 
as  we  shall  see,  the  ozonised  condition  of  oxygen  that  is-  ob- 
tained  on  disaggregating  its  particles.  It  is  very  remarkable 
that  oxygen,  which  is  the  only  magnetic  gas,  is  the  only  one 
also  whose  particles  can  be  disaggregated. 

We  may  finally  remark,  that  heat  diminishes  magnetism, 
and  even  makes  it  disappear  ;  because,  on  separating  the  atoms 
from  each  other,  it  breaks  the  electric  chains  which  thèse 
atoms  formed,  or  at  least  diminishes  the  intensity  of  the  current 
that  traverses  them.* 

*  The  récent  expérimente  made  on  the  dilatation  of  bodies,  and  particularljr 
thoae  of  Magnas  and  Regnault,  on  the  dilatation  of  gases,  hâve  effectually  dé- 
fi 2 
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Let  us  now  pass  on  to  diamagnetism.  That  which  dis- 
tinguishes  diamagnetic  bodies  from  those  that  are  not  so, 
is  that  their  atoms  being  more  distant,  there  cannot  be  es* 
tablished  among  them  any  natural  electro-atomic  chain; 
the  atoms  are,  therefore,  independent  of  each  other,  in  an 
electric  point  of  view,  and  are  consequently  in  that  state 
of  equilibrium  in  which  their  exterior  currents  neutralise 
the  interior  current  that  is  directed  along  their  axis.  But, 
if  we  présent  to  the  intégrant  molécules,  composed  of  a 
greater  or  less  number  of  thèse  atoms,  a  closed  exterior 
cùrrent  *,  this  current  is  not  able  to  impress  upon  them  a 
particular  direction,  since  they  are  not  surrounded  by  an 
electro-atomic  current,  as  the  magnetic  particles  are;  but, 
if  it  is  sufficiently  energetic,  it  détermines  among  such  of  thèse 
atoms  as  are  the  nearest  to  it  a  direction  such  that  their  axis  is 
parallel  to  its  own  direction,  and  that  their  pôles  are.at  the 
same  time  turned  in  a  contrary  direction  to  that  of  the 
polarised  particles  of  the  conductor  of  the  current,  in  a 
inanner  analogous  to  that  which  occurs  in  electro-dynamic 
induction.  Thèse  atoms,  thus  directed  under  this  powerfiil 
influence,  will  in  their  turn  oblige  the  other  atoms  of  the 
molécule,  of  which  they  form  a  part,  to  direct  themselves 
so  as  to  correspond  by  their  opposite  pôles,  and  thus  to 
form  an  electric  chain  ;  the  current  of  which  will  necessarily 
hâve  a  contrary  direction  to  that  of  the  exterior  current, 
since  this  direction  is  determined  by  the  first  atoms  that 
are  directly  subject  to  the  action  of  this  current.  Things 
will  happen  similarly  for  the  other  particles  of  the  diamag- 
netic body,  providing  they.  are  surrounded  —  at  least  ail  that 
are  under  the  exterior  influence  — by  electric  currents  having 
a  contrary  direction  to  that  of  the  currents  that  are  acting 
upon  them,  and  which  will  necessarily  produce  a  repulsion. 

The   différence    between   a  magnetic  and  a  diamagnetic 

monstrated  that  dilatation  by  heat  not  only  consiste  in  the  séparation  of  the 
intégrant  molécules  from  each  one  ;  but  also  in  a  dilatation  proper  of  thèse 
particles  themselves,  and  consequently,  in  a  séparation  of  the  atoms  themselves, 
of  which  they  are  formed. 

*  I  undcrstand,  by  action  of  closed  exterior  current,  the  action  either  of  a 
closed  voltaic  carrent,  or  of  an  electro-magnet,  or  of  an  ordinary  magnet. 
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body  will,  therefore,  consist  in  this, —  that,  in  the  former, 
as  the  currents  are  pre-existing  around  the  particles,  the 
exterîor  action  of  a  closed  current  has  no  other  effect  than 
to  impress  npon  their  particles  a  common  direction,  and 
such  that  thèse  currents  are  parallel  to  those  acting  npon 
them,  and  moving  in  the  same  direction  ;  this  constitutes 
magnétisation  ;  whilst  in  the  latter,  as  the  particles  are  not 
snrronnded  by  a  natural  electro-atomic  carrent,  they  do 
not  themselves  change  place,  but  they  are  forced,  by  the 
arrangement  which  thé  exterior  action  impresses  upon  their 
atoms,  to  be  surrounded  by  an  electric  current  moving  in 
a  direction  contrary  to  that  of  the  currents  that  are  acting 
upon  them.  We  see  that  we  thus  arrive  at  the  same  con- 
clusions as  Weber,  with  regard  to  the  différence  between 
magnetism  and  diamagnetism. 

In  truth  it  is  a  real  phenomenon  of  induction  that  occurs  in 
the  action  exercised  over  the  diamagnetic  molécule,  with  this 
différence,  that  the  induction  occurs  only  in  the  molécule,  and 
not  in  the  whole  conductor,  and  that  it  lasts  as  long  as  the  in- 
ducing  cause,  instead  of  being  instantaneous.  Another  différ- 
ence is  that  the  molecular  induction  occurs  as  well  in  non- 
conducting  as  in  conducting  bodies,  whilst  that  which  gives 
rise  to  currents  of  a  finite  size,  can  only  be  produced  in  con- 
ducting bodies. 

The  causes  of  thèse  différences  can  easily  be  apprehended, 
when  we  compare  the  actual  nature  of  the  two  phenomena. 
Electro-dynamic  induction  is  the  resuit,  as  we  hâve  seen,  of 
the  polarisation  of  the  successive  intégrant  molécules,  and  of 
the  discharges  of  the  contrary  electricities  of  thèse  consécutive 
molécules  ;  this  is  a  purely  physical  phenomenon,  in  which 
the  mère  nature  of  the  particles  plays  no  part,  except  in  as 
far  as  their  greater  or  less  degree  of  electric  conductibility 
is  concerned  ;  it  is  altogether  analogous  to  the  effects  of  the 
induction  of  static  electricity,  and  to  those  of  disguised 
electricities.  Thus  induction  is  manifested  in  the  same 
manner  in  magnetic  bodies,  whose  intégrant  molécules  are 
surrounded  by  a  natural  electric  current,  and  in  diamagnetic 
bodies,   in   which   this  molecular  current  is  induced;  it  is 
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merely  necessary  that  the  body  shall  be  a  condactor;  and 
the  intensity  of  the  effect  dépends  on  the  greater  or  less 
degree  of  the  conductibility  of  the  body.  It  is  not  the  same 
with  molecular  induction,  which  is  the  cause  of  diamagnetism. 
Being  due  to  a  particular  arrangement  of  the  atoms  of  the 
molécules,  itlastsonly  so  long  as  the  action  exists  by  which  this 
arrangement  is  produced.  We  can  conceive  that  this  action 
should  be  very  energetic,  in  order  to  be  able  to  disturb  the 
natural  arrangement  of  the  atoms,  and  then  to  détermine  the 
continuous  neutralisation  of  the  contrary  electricities  of  the 
consécutive  atoms,  even  though  they  are  not  very  near 
together,  and  are  often  bad  conductors  of  electricity.  Ail 
the  facts  agrée  with  this  mode  of  regarding  this  order  of 
phenomena.  Thus  not  only  is  electro-dynamic  induction 
manifested  in  magnetic  and  even  in  magnetised  bodies,  as  if 
they  were  not  such,  but  it  is  also  simultaneous  with  dia- 
magnetism,  and  disturbs  its  effects,  when  circumstances, 
favourable  to  its  production,  are  united. 

We  therefore  see  that,  by  causes  of  an  entirely  différent 
order,  diamagnetic  bodies,  so  long  as  they  are  under  the 
influence  of  closed  currents,  hâve  their  particles  surrounded 
by  currents  having  a  direction  contrary  to  those  of  thèse  closed 
currents,  whilst  the  particles  of  magnetic  bodies,  under  this 
influence,  hâve  their  currents  determined  in  the  same  direction. 
This  opposition  very  naturally  explains  ail  the  differential 
effects  that  are  observed,  on  mixing  together  magnetic  and 
diamagnetic  substances,  and  also  the  method  of  arriving  at 
a  mixture,  which  is  indiffèrent  to  the  action  of  the  magnet. 
It  equally  explains  the  opposite  effects  observed  by  Weber, 
when  he  introduced  into  the  hélix,  while  being  traversed  by 
electric  currents,  sometimes  a  rod  of  iron,  at  other  times  a 
cylinder  of  bismuth  ;  only,  in  ail  this  class  of  phenomena,  we 
must  guard  against  the  influence  of  superficial  inductive  cur- 
rents ;  and  for  this  purpose  only  operate  with  masses  that  are 
very  much  divided  and  not  continuous.  The  expérimenta  in 
which  Matteueci  had  never  succeeded  in  obtaining  the  least 
effect  upon  the  magnetised  needle,  when  passing  a  powerful 
dîscharge  into  the  hélix,  in  the  centre  of  which  was  a  pièce  of 
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bismuth,  whilst  it  was  merely  necessary  for  the  bismuth  to 
be  replaced  by  a  body  containing  an  almost  inappréciable 
quantity  of  iron,  in  order  to  obtain  an  action,  is  due  to  dia- 
magnetism,  requiring  for  ita  development,  first,  a  certain 
arrangement  of  atoms,  and  then  the  production  of  the  current, 
which  is  the  conséquence  of  this  arrangement,  and  ita  not 
being  able  to  be  produced  under  the  influence  of  an  instan- 
taneous  charge  *  ;  whilst  magnétisation,  being  only  the  resuit 
of  a  direction  impressed  upon  particles  already  surrounded 
by  an  electric  current,  may  be  determined  instantaneously. 
Finally,  it  is  easy  to  see  that  ail  magnetic  and  diamagnetic 
phenomena  peculiar  to  crystals,  being  traceable  according 
to  the  works  of  MM.  Tyndall  and  Knoblauch,  to  those  pre- 
sented  by  an  agglomération  of  independent  magnetic  and 
diamagnetic  plates,  may  be  perfectly  well  reconciled  with 
the  theory,  which  explains  the  effects  that  are  produced 
upon  thèse  plates. 

With  regard  to  the  rotation  of  the  plane  of  polarisation  ex- 
ercised  by  transparent  diamagnetic  substances,  it  is  evidently 
not  due  tp  molecular  electric  currents,  resulting  from  the  action 
of  exterior  currents  upon  thèse  substances,  but  to  the  arrange- 
ment of  atoms  brought  about  by  this  action.  Thus  the  two 
phenomena,  rotation  of  the  plane  of  polarisation  and  diamag- 
netism,  hâve  not  between  them  the  dépendance  of  cause  and 
effect,  but  that  of  being  due  to  the  same  cause,  namely,  a  par- 
ticular  arrangement  of  the  atoms  in  the  intégrant  molécules, 
which  very  well  accords  with  the  observation  of  M.  Biot, 
that  is  generally  admitted,  namely,  that  the  rotation  of  the 
plane  of  polarisation  is  a  phenomenon  altogether  molecular. 
We  likewise  perceive  how  the  direction  of  the  rotation  must 
dépend  upon  the  direction  of  the  current  by  which  it  is  pro- 
duced, since  this  direction  détermines  the  arrangement  of  the 
atoms  of  the  particles  in  a  certain  direction,  and  in  a  direction 
precisely  opposite,  when  it  is  itself  changed.  The  proof  that 
the  rotation  of  the  plane  ofpolarisationisnotdue  to  molecular 

*  Mr.  Faraday  and  M.  E.  Becquerel  hâve  both  remarked,  that  a  certain  time 
(some  seconds)  is  required  for  a  diamagnetic  body  to  acquire  ail  the  rotatory 
power  of  which  it  is  susceptible. 
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currents  is  found  in  the  fact,  that  magnetic  liquids,  in  which 
thèse  currents  exist  naturally,  do  not  produce  the  phenome- 
non  when  an  exterior  action  gives  a  similar  direction  to  ail  the 
currents  ;  or  produces  it  in  so  feeble  a  degree,  that  we  may 
conclude  the  effect  only  arises  frbm  the  diamagnetic  liquid 
(commonly  water)  in  which  the  magnetic  body  is  dissolved.  It 
likewise  appears  that  in  magnetic  substances,  the  atoms  of 
which  the  intégrant  molécule  is  constituted,  are  too  near 
together,  even  when  their  mutual  polarisation  imparts  to  them 
a  regular  arrangement,  for  their  being  able  to  act  upon  the 
polarised  ray.  It  is  otherwise  for  diamagnetic  bodies,  in 
which  the  exterior  action,  although  it  gives  to  the  atoms  of 
the  molécule  an  arrangement  analogous  to  that  which  the 
atoms  of  the  magnetic  molécules  naturally  hâve,  cannot  dé- 
termine among  them  a  similar  approximation  ;  which  causes 
that  the  current  resulting  from  the  common  direction  im- 
pressed  upon  them  is  always  very  feeble,  but  which  at  the 
same  time  permits  thèse  atoms  to  act  individually  upon  po- 
larised light,  and  to  produce  the  rotation  of  the  plane  of 
polarisation  with  an  intensity  depending  at  once  upon  their 
proper  nature,  and  upon  the  energy  of  the  action,  by  which 
they  are  directed. 

This  is  the  theory  which,  in  the  présent  state  of  science, 
seems  to  us  to  give  the  beet  représentation  of  ail  the  pheno- 
mena  relating  to  magnetism  and  to  the  exterior  action  of 
electric  currents,  It  seems  to  us  to  agrée  very  well  with* 
the  various  observations  that  we  hâve  described.  It  is  true 
that  it  does  not  explain  the  particular  nature  of  the  action  of 
the  atom  upon  polarised  light;  but  it  merely  shows  that, 
whatever  this  action  may  be,  the  magnetic  influence  must 
give  to  the  atoms  a  common  direction,  which  causes  ail  their 
actions  to  concur,  and  the  molécule,  consequently,  to  act  in 
a  certain  manner  on  the  interposed  ether. 

We  shall  not  terminate  this  subject  without  relating  also 
some  very  récent  experiments  by  which  Mr.  Tyndall  has 
succeeded  in  demonstrating  the  existence  of  diamagnetic 
polarity.  In  this  récent  investigation,  Mr.  Tyndall,  after 
having  established  primary  characteristics  of  the  magnetic 
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force,  institutes  a  searching  comparison  between  the  phe- 
nomena  of  magnetic  and  diamagnetic  bodies,  in  three  distinct 
cases  ;  first,  when  operated  on  by  the  magnet  alone  ;  se- 
condly,  when  operated  on  by  the  current  alone  ;  and,  thirdly, 
when  operated  on  by  the  magnet  and  the  current  combined. 
It  was  found  necessary,  in  order  to  avoid  the  gravest  errors, 
to  take  strict  account  of  the  molecular  structure  of  the 
bismuth  used  in  thèse  expérimenta.  A  bar  of  this  substance 
eut,  in  a  certain  manner,  from  the  crystallised  mass  exhibits, 
between  the  pôles  of  a  magnet,  precisely  the  same  visible  dé- 
portaient as  a  bar  of  iron  ;  whîle  it  is  well  known  that  the 
normal  deportment  of  bismuth  is  opposed  to  that  of  iron. 
The  author,  in  his  examination  of  the  points  before  us, 
divides  magnetic  bodies  into  two  distinct  classes,  and  he 
classified  diamagnetic  bodies  in  a  similar  manner  ;  one  class  he 
calls  normal,  and  the  other,  a  abnormal.  À  normal  magnetic 
bar  is  one  which  sets  its  length  from  pôle  to  pôle  in  the 
magnetic  field  ;  and  a  normal  diamagnetic  bar  is  one  which 
sets  its  length,  at  right  angles  to  the  Une  joining  the  pôles. 
An  abnormal  magnetic  bar  is  one  which  sets  equatorial  in 
the  magnetic  field  ;  while  an  abnormal  diamagnetic  bar  sets 
its  length  axial»  In  ail  the  three  cases  mentioned,  whether 
operated  on  by  the  magnet  alone,  by  the  current  alone,  or  by 
the  magnet  and  the  current  combined,  the  deportment 
of  the  normal  magnetic  bar  is  precisely  antithetical  to  that  of 
the  normal  diamagnetic  bar  ;  while  the  deportment  of  the 
abnormal  paramagnetic  bar  is  antithetical  to  that  of  the 
abnormal  diamagnetic  one.  But  the  normal  magnetic  bar 
présents  to  the  eye  the  same  phenomena  as  the  abnormal 
diamagnetic  one;  while  the  normal  diamagnetic  bar  présents 
the  same  deportment  as  the  abnormal  magnetic  one.  A 
want  of  attention  to  the  peculiarities  of  structure,  which  pro- 
duce thèse  remarkable  effects,  has  introduced  considérable 
error  into  this  portion  of  science. 

A  bar  of  iron,  surrounded  by  an  electric  current,  exhibits 
that  twoness  of  action,  —  those  phenomena  of  attraction  and 
repulsion  at  its  two  ends,  to  which  we  give  the  name  of 
polarity.     Tyndall's  paper   contains   an   account  of  experi- 
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ments  made  with  the  view  of  ascertaining  whether  similar 
phenomena  are  exhibited  by  a  bar  of  bismuth  ;  such  expéri- 
menta hâve  been  attempted  by  others  without  success  ;  but, 
when  sufficient  power  is  combinée!  with  sufficient  delicacy, 
the  most  complète  mastery  is  obtained  over  the  motions  of 
the  bar  of  bismuth.  With  one  disposition  of  the  forces  the 
ends  of  the  bar  of  bismuth  were  promptly  repelled  by  the 
magnetic  pôles  ;  with  another  arrangement  they  were  just 
as  promptly  attracted.  In  ail  cases,  where  an  iron  bar  was  sub- 
stituted  for  a  bismuth  one,  a  deflection  precisely  opposite  to 
that  of  the  latter  was  produced,  The  action  was  augmented 
by  bringing  four  magnetic  pôles  to  bear  simultaneously  upon 
the  suspected  bismuth  ;  the  two  pôles,  to  the  right  of  the  bis- 
muth bar,  were  always  of  the  same  name  ;  while  the  two  to 
the  left  of  the  bar,  were  of  the  opposite  quality  :  with  this 
arrangement  the  experiment  has  been  repeated  in  the  pré- 
sence of  many  eminent  men  ;  the  approach  and  recession  of 
the  bismuth  bar,  in  obédience  to  the  direction  of  the  current 
around  it,  or  the  polarity  of  the  magnets  acting  upon  it, 
were  rendered  strikingly  manifest  to  ail.  In  a  récent  inves- 
tigation, Tyndall  has  reversed  the  conditions  of  experiment, 
by  making  the  magnet  the  movable  body,  and  permitting 
an  excited  diamagnetic  bar  to  act  upon  it  ;  he  has  succeeded 
in  Completel  y  establishing  the  resuit  already  announced  by 
Weber,  but  questioned  by  several  physicists  of  eminence, 
and  has  produced  with  insulators  ail  the  results  hitherto 
obtained  with  bismuth  alone.  The  question  of  diamagnetic 
polarity  may  therefore  be  regarded  as  settled  in  the  affirm- 
ative ;  indeed,  no  proof  can  be  brought  forward  in  favour  of 
the  polarity  of  a  magnetic  body  of  the  same  capacity  for 
magnétisation  as  bismuth,  and  equally  devoid  of  coercive 
force,  which  cannot  be  matched,  by  proofs  of  equal  value  of 
the  polarity  of  the  diamagnetic  body.* 

*  Sec,  in  the  final  note  X,  the  title  of  the  principal  Works  relative  to  the  sub- 
jeets  treated  on  in  the  présent  Appendix,  as  well  as  in  the  Second  and  Third 
Parts  of  this  Treatise,  which  arc  contained  in  the  First  Volume. 
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PART  IV. 

TRANSMISSION  OF  ELECTRICITY. 
CHAPTER  I. 

PROPAGATION  OP  ELECTRICITY. 

General  Notions  upon  the  Propagation  of  Electricity. 

After  having  studied  the  gênerai  laws  of  electricity,  both 
in  the  static  and  in  the  dynamic  state,  our  attention  is  called 
to  the  more  spécial  phenomena  that  resuit  from  the  trans- 
mission of  this  agent  through  différent  média. 

The  fondamental  characteristic  of  thèse  phenomena  by 
which  they  are  distinguished  from  those  that  hâve  formed  tho 
subject  of  our  study  in  the  Second  and  Third  Parts,  is  that  they 
dépend  essentially  upon  the  particular  nature  of  the  médium 
that  is  traversed  by  the  electricity;  while  the  former,  which 
are  independent  of  this,  and  remain  the  same,  whatever  the 
médium  may  be,  constitute  the  gênerai  laws  of  electricity. 

Before  entering  upon  the  examination  of  the  varied  and 
numerous  effects  that  are  produced  in  bodies  by  the  trans- 
mission of  electricity,  we  shall  dévote  this  First  Chapter  to  the 
considération  of  the  transmission  itself,  viewed  both  in  respect 
to  the  manner  in  which  it  takes  place,  and  to  the  influence 
that  is  exercised  upon  it  by  the  médium  through  which  it  is 
operating.  Certain  gênerai  notions  on  the  propagation  of 
electricity  will  serve  as  an  introduction  to  this  study. 

The  word  propagation  carries  with  it  the  idea  of  motion; 
and,  in  our  opinion,  electricity  in  motion  is  electricity  in  that 
state  which  results  from  the  reunion  or  neutralisation  of  the 
two  opposite  electrical  principles.  We  hâve  seen  that  this 
reunion  may  be  either  continuous  or  instantaneous  ;  that,  in 
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the  former  case,  it  constitutes  a  current,  in  the  latter,  a  simple 
discharge.  A  very  rapid  succession  of  discharges,  sometimes 
called  instantaneous  currents,  may  form  a  continuons  current 
just  as  the  latter  may  be  decomposed  into  a  séries  of  discon- 
tinuous  currents  by  means  of  a  rheotome.  The  characteristic 
of  the  current  which  sometimes  exista  for  an  instant  only, 
and  is  then  called  temporary,  is  that  it  acts  on  the  magnetic 
galvanometer  ;  whilst  the  discharge,  which  is  completely 
instantaneous,  exercises  no  action  upon  this  instrument, 
although  it  produces  a  great  number  of  other  effects. 
When  we  purpose  studying  the  laws  of  propagation,  we  must 
for  the  most  part  make  use  of  currents,  except  in  certain  ex- 
ceptional  cases,  in  which  the  employment  of  discharges  may 
be  necessary,  in  order  to  discover  certain  spécial  features  of 
the  phenomenon. 

The  most  simple  manner  of  looking  into  the  propagation 
of  electricity  is  to  consider  it  in  a  conducting  body  by  which 
the  two  pôles  of  a  voltaic  pile  are  united  :  the  two  electricities 
which  are  being  constantly  liberated  at  each  of  the  two  pôles, 
neutralise  each  other  continuously,  in  proportion  as  they  are 
produced,  through  the  conductor,  and  constitute  the  current, 
whose  exterior  properties  or  gênerai  laws  we  hâve  already 
studied  in  the  Third  Part.  As  this  current  is  propagated  in 
the  entire  mass  of  the  conductor,  the  direction  of  its  propa- 
gation is  determined  by  the  mère  form  of  the  conduction  ;  it 
will  be  rectilinear  if  this  conductor  is  in  a  straight  line  ;  curvi- 
linear,  if  in  a  curved  line. 

When  the  conductor  has  no  very  determinate  dimensions, 
or  is  almost  undefined  in  ail  directions,  as,  for  example,  an 
arm  of  the  sea  would  be  with  the  two  pôles  of  a  pile  plunged 
into  the  water  at  a  certain  distance  apart,  the  current  déter- 
minâtes itself  in  ail  directions,  as  we shall  see  further  on;  still, 
however,  being  subject  to  this  condition,  that  ail  the  infinitely 
minute  filaments,  into  which  it  may  be  supposed  to  be  sub- 
divided,  abut  by  their  extremities  upon  the  two  pôles.  We 
perceive  from  this  that  we  cannot  possibly  compare  the  pro- 
pagation of  electricity  in  a  conducting  médium  with  that  of 
light  or  radiant  heat;  for  in  thèse  two  latter  cases,  the  propa- 
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gation  émanâtes  from  a  single  radiating  centre,  and  occurs  in 
ail  directions  in  a  straight  Une,  at  least  so  long  as  the  médium 
does  not  change  ;  whilst,  in  the  case  of  dynamic  electricity, 
instead  of  a  single  one,  there  are  two  points,  which  may 
equally  be  considered  as  centres  of  émanation  ;  that  is  to  say, 
the  two  pôles  towards  which  are  constantly  directed,  or  from 
which  as  constantly  emanate,  the  contrary  electricities,  whose 
reunion  forms  the  current  that  is  propagating  in  the 
surrounding  médium.  Moreover,  M.  Wartmann  has  démon- 
strated  by  a  great  number  of  expérimenta,  tbat  in  its  propa- 
gation dynamic  electricity  is  susceptible  of  neither  reflection 
nor  refraction  ;  and  consequently  that  ail  the  analogy  which 
we  might  be  disposed  to  establish  between  it  and  light  or  ra- 
diant heat,  is  completely  void  of  foundation. 

We  may,  however,  inquire  whether  electricity  in  the  static 
or  tension  state,  as  it  is  manifested  on  an  insulated  body,  is 
.not  susceptible  of  propagating  itself  in  the  surrounding 
médium  ;  in  this  case,  we  are  concerned  with  only  one  elec- 
tricity, either  the  positive  or  négative.  We  well  know  that  an 
insulated  and  electrised  body  loses  its  electricity  with  greater 
or  less  rapidity,  according  to  the  state  of  the  surrounding  air, 
and  the  greater  or  less  insulating  powers  of  its  support  Bel  H, 
and  other  philosophers  after  him,  hâve  even  proved  that  néga- 
tive electricity,  under  like  circumstances,  is  dissipated  more 
easily  than  positive.  But  the  mère  fact  of  the  electric  tension 
of  the  electrised  body  diminishing,  proves  that  electricity  pro- 
pagates  itself  out  of  this  body.  More  than  this,  Faraday,  in  his] 
researches  on  static  induction,  has  demonstrated,  as  we  saw  in  I 
the  Sixth  Chapter  of  the  Second  Part,  that  this  propagation  / 
does  not  operate  to  a  distance,  but  occurs  by  the  intervention  of  l 
bodies,  even  of  those  that  are  apparently  the  best  insulators.  J 
Thèse  bodies  become  polarised  under  the  influence  of  the  elec- 
trised body  ;  that  is,  that  each  of  their  particles  présent  the  two 
electricities  separated  from  each  other,  so  that,  if  the  elec- 
trised body  is  positive,  the  négative  electricities  of  each  par- 
ticle  are  ail  turned  on  the  side  of  the  body,  and  the  positive 
on  the  opposite  side.  This  is  what  constitutes  induction —  It 
even  sometimes  happens  that  the  contrary  electricities  of 
contiguous  particles  neutralise  each  other,  constituting  a  veri- 
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?  table  transmission  of  electricity, — what  Faraday  calls  condnc- 
I  tion,  in  opposition  to  simple  induction,  which  in  his  opinion 
always  précèdes  conduction,  It  follows  from  this  that  the 
distinction  between  insulating  and  conducting  bodies  is  not 
absolnte;  for  even  the  best  conductors,  as  we  shall  see  hère- 
after,  alwajs  oppose  a  certain  résistance  to  the  passage  of  elec- 
tricity ;  and  thehinderance  that  it  suffers,  althongh  much  less  in 
degree,  is  of  the  same  kind  as  that  which  is  observed  with  even 
the  best  insulating  bodies,  as  spermaceti,  lac,  or  sulphur. 

M.  Matteucci,  as  the  resuit  of  a  great  number  of  expéri- 
menta made  upon  the  propagation  of  electricity  in  solid  in- 
sulating bodies,  has  confirmed  and  extended  the  results  that 
had  been  obtained  by  Faraday.  He  established  in  ail  insu- 
lating bodies,  but  in  différent  degrees,  according  totheir  nature, 
the  development  of  the  molecular  electric  state,  of  which  we 
hâve  been  speaking  ;  so  that  each  molécule  has  the  two  con- 
trary  electric  states  developed  upon  its  opposite  faces.  He 
has  also  shown  that  thèse  molecular  electric  states  may  destroy 
each  other;  and  consequently  that  the  electricity  may  propa- 
gate  itself  either  upon  the  surface  or  within  the  interior  of  the 
body.  The  property  of  insulation,  therefore,  consists  only  m 
the  greater  or  less  résistance  opposed  by  bodies  that  are  en- 
dowed  with  it,  to  the  destruction  of  the  molecular  electric 
states,  by  the  entry  or  the  escape  of  the  electric  fluids  from 
the  molécules  themselves;  a  résistance  that  dépends  upon 
several  circumstances,  due  either  to  the  nature,  the  dimen- 
sions, or  the  other  physical  conditions  of  the  body,  or  to  the 
intensity  of  the  electricity  with  which  the  insulating  body  is 
chargea.  Hereafter,  when  we  are  engaged  in  a  more  spécial 
manner  on  the  propagation  of  electricity  in  insulating  bodies, 
we  shall  return  to  the  facts  from  which  M.  Matteucci 
draws  the  conclusions  to  which  we  hâve  been  referring. 
***  We  may  therefore  admit,  as  we  hâve  already  incidentally 
mentioned  in  the  Fifth  Chapter  of  the  Third  Part,  p.  18,  that 
the  propagation  of  electricity  in  ail  cases  takes  place  by 
means  of  the  neutralisation  of  the  opposite  electricities  of  the 
particles  of  the  body,  through  which  the  transmission  is  taking 
place, — a  neutralisation  that  is  always  preceded  by  a  mole- 
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cular  induction,  that  is  to  say,  by  the  séparation  of  thèse 
electricities  in  each  molécule.  In  very  good  conducting  bodies 
thèse  successive  inductions  and  neutralisations  take  place 
with  very  great  rapidity  ;  in  insulating  bodies  they  take  place 
lésa  rapidly,  and  the  more  slowly  as  the  body  is  a  better  in- 
sulator.  It  is  manifest,  therefore,  that  there  is  never  any 
propagation  of  a  single  electricity  ;  and  that  the  only  différence 
existing  between  the  case  in  which  the  médium  is  in  com- 
munication with  a  single  electrised  body,  and  that  in  which 
it  is  placed  between  two  bodies  chargea  with  contrary  elec- 
tricity, is  that  in  the  lafter  case  there  is  an  effect  double  of 
what  occurs  in  the  former;  for  it  is  easy  to  see  that  the  two 
effects,  instead  of  destroying  each  other,  must  be  added  to- 
gether.     For  if  we  suppose  (Jig.  179.)  two  séries  of  molécules 

JG  G  G  0  G 

v  p  o  d  a 

Fig.  179. 

between  the  body  A  charged  with  positive  electricity,  and 
the  body  b  charged  with  négative,  the  séries  of  molécules 
a,  b9  cy  d,  e,  upon  which  A  is  acting,  will  be  polarised  exactly 
like  the  séries  of  molécules  af9  &',  </,  cf9  é  upon  which  B  is  acting; 
but  in  fact  the  two  séries,  or  rather  ail  the  séries  of  molécules 
comprised  between  a  and  b,  are  subjected  at  once  to  the  action 
of  a  and  the  action  of  b,  which  must  produce  upon  them  an 
effect  the  double  of  what  would  hâve  resulted  from  the  sole 
action  of  a  or  b.  This  principle  is  equally  true,  whether  we 
are  concerned  with  a  continuous  current  or  a  simple  discharge. 
The  direction  according  to  which  the  propagation  occurs, 
when  two  bodies  charged  with  contrary  electricities,  as  the  two 
pôles  of  a  pile,  are  presented  to  each  other,  is  determinedby  the 
direction  according  to  which  the  consécutive  molécules  inter- 
posed  between  thèse  two  bodies  are  placed,  and  through  which 
thispropagationtakes  place.  When  there  is  only  one  electrised 
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body,  it  is  the  ground,  or  rather  the  nearest  conductor 
communicating  with  the  ground,  which  fulfils  the  office  of  the 
second  electrised  body,  as  follows  from  the  analysis  that  we 
hâve  been  making  of  the  phenomenon.  We  must  not  in  either 
case  suppose  that  the  particles  composing  the  most  conducting 
portion  of  the  interposed  médium  are  the  only  ones  through 
which  the  propagation  takes  place;  under  certain  circum- 
stances,  this  propagation  occurs  through  the  others  also.  Thus, 
Sir.  W.  S.  Harris  has  remarked  that,  if  the  discharge  of  a 
hîghly  charged  battery  of  Leyden  jars  of  twenty-five  square 
feet  is  passed  through  a  fine  iron  wire  enclosed  in  a  receiver 
in  which  the  air  has  been  highly  rarefied,  the  wire  appears 
in  no  way  affected,  but  the  surroundingair  becomes  luminous, 
whilst,  on  allowing  the  air  to  enter  into  the  receiver,  the  wire 
is  immediately  melted,  even  when  a  battery  of  only  five 
square  feet  is  employed.  The  same  occurs  in  rarefied  air,  if 
a  voltaic  pile  is  employed  instead  of  a  battery  of  Leyden  jars. 
Thèse  différences  are  due  to  there  being  nothing  absolute  in 
the  conducting  faculty  of  bodies,  and  to  their  depending  upon 
différent  conditions,  relating  either  to  the  condition  of  the 
médium  or  to  the  origin, — that  is  to  say,  the  intensity  of 
the  electricity. 

The  décomposition  and  recomposition  of  the  two  electrici- 
ties  in  each  particle  of  the  médium  through  which  the  pro- 
pagation of  the  electricity  takes  place,  may  be  accompanied  by 
effects,  either  chemical,  calorific  luminous,  or  physical,  accord- 
ing  to  the  nature  of  this  médium  and  the  physiological  condi- 
tions under  which  it  existe,  and  according  to  the  mode  of  pro- 
duction of  the  electric  agent.  It  may  also  happen,  in  certain 
cases,  when  the  médium  présents  a  great  résistance  to  this  neu- 
tralisation of  the  contrary  electricities  of  the  consécutive  par- 
ticles, that  thèse  particles  undergo  a  mechanical  displacement, 
whence  arises  a  motion  in  the  médium  if  it  is  liquid  or  gaseous, 
and  a  rupture  if  it  is  solid.  We  shall  careiully  examine  thèse 
différent  phenomena,  the  study  of  which  will  furnish  a  con- 
firmation of  the  manner  in  which  we  are  explaining  the 
mode  of  the  propagation  of  electricity. 

After  this  first  gênerai  glance  that  we  hâve  made  at  the 
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propagation  of  electricity,  we  shall  in  the  présent  Chapter 
first  investigate  the  laws  to  which  it  is  subject  in  good  con-» 
ductors,  both  solid  and  liquid  ;  we  shall  then  détermine  the 
influence  that  is  exerted  upon  it  by  the  particular  nature  of 
thèse  good  conductors,  and  the  physical  conditions  in  which 
they  occur.  We  shall  then  study  this  same  propagation  in 
solids  and  liquids  that  are  insulators,  or  rather  imperfect 
conductors,  'as  well  as  in  elastic  fluids  and  in  vacuo.  We 
shall  terminate  the  examination  by  the  exposition  of  the  re- 
searches  that  hâve  been  made  on  the  actual  velocity  with 
which  the  propagation  takes  place.  This  is  the  object  of  this 
First  Chapter. 

The  chemical,  physical,  and  physiological  efFects,  that  ac- 
company  the  transmission  of  electricity,  will  be  the  object 
of  the  following  chapters. 

In  the  study  that  we  are  about  to  enter  upon,  we  shall  make 
use  of  the  voltameters  that  we  hâve  described  in  the  First  Part 
of  this  work,  as  well  as  of  the  magnetic  galvanometers,  to  the 
description  of  which  we  hâve  devoted  the  Fourth  Chapter  of 
the  Third  Part  We  shall  employ,  as  sources  of  electricity, 
either  the  electric  machine»  the  voltaic  pile,  or  the  magnéto, 
electric  machine,  which  produces  induction  currents.  Thèse 
three  apparatus,  although  each  capable,  as  we  shall  presently 
see,  of  producing  electricity  under  ail  forms,  are  nevertheless 
more  particularly  suited,  the  electric  machine  for  producing 
it  under  the  form  of  the  discharge,  the  pile  under  the  form 
of  a  continuous  current,  the  magneto-electric  machine  under 
the  form  of  a  discontinuons  current  On  this  account  we 
shall  in  préférence  employ  one  or  other  of  thèse  three  ap- 
paratus, according  as  we  shall  require  electricity  under  one 
or  other  of  thèse  three  forms.  We  shall  be  directed  in  our 
choice  by  the  nature  also  of  the  bodies  through  which  we 
shall  bave  occasion  to  bring  about  the  transmission  of  the 
electricity,  and  by  that  of  the  effects  that  we  are  desirous  of 
producing. 

Laws  of  the  Propagation  of  Electricity  in  good  Conductors. 
We  hâve  just  seen  that  no  conductors,  however  good,  are 
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absolutely  perfect  conductors  of   electricity;  but  that  ail 

bodies,  even  those  which  appear  to  conduct  it  best,  oppose  a 

certain  résistance  to  its  propagation*     However,  we  shall  con- 

sider  as  good  conductors  ail  those  which  permit  of  a  tolerably 

rapid  propagation  of  electricity,  so  that  the  current  resulting 

therefrom  is  able  to  act  upon  the  magnetised  needle,  and 

consequently  to  produce  the  gênerai  phenomena  of  electro- 

dynamics.     It  is  true  that  this  définition  has  still  the  incon- 

venience  of  not  being  absolute  ;  for  the  same  body — pure 

water,  for  example — may  be  classed  or  not  classed  among  good 

conductors,  and  according  to  the  apparatus  employed  for  pro- 

ducing  the  electricity;  according  to  the  mode  of  communication 

that  is  established  between  it  and  this  apparatus  ;  and,  finally, 

according  to  the  physical  conditions  under  which  it  is  placed. 

But  this  is  of  little  importance  so  long  as  we  are  only  con- 

cerned  in  determining  the  laws  of  the  propagation  itself  :  it 

is  in  the  subséquent  paragraph,  which  is  devoted  to  the  study 

of  the  conducting  powers  of  différent  bodies,  that  we  must 

hâve  regard  to  thèse  anomalies.     It  is  also  of  little  importance 

whether  the   apparatus,   of  which  we  are   about  to   avail 

ourselves  for  the  production  of   the  electricity,  be  of  one 

kind  or  of  another.     The  only  conditions  with  which  it  must 

ï  comply,  are  to  be  sufBciently  powerful  to  give  us,  with  the 

1  conductor  that   we  are   about    to    employ,    a    continuous 

.  ]  current,  capable  of  acting  directly  and  at  will  without  the 

y  employment  of  the  galvanoraeter  upon  the  magnetised  needle, 

J  and  sufficiently  constant  that  this  current  may  préserve  the 

/   same  intensity  during  the  continuance  of  tbe  expérimenta.     A 

/    Daniell's  or  a  Grove's   pile,  of  two  or  three  pairs,  as   an 

I     electro-motive  apparatus,    wires  or  métal  plates,  and  saline 

\     or  acid  solutions  as  conductors,  will  perfectly  satisfy  the  re- 

Lauired  conditions. 

The  first  law  that  we  shall  encounter,  when  we  are  stu- 
dying  the  propagation  of  electricity  in  a  conductor,  is  the 
tendency  that  the  electric  current  possesses  of  distributing 
itself,  or  rather  of  being  disseminated,  throughout  the  whole 
extent  of  this  conductor.     This  law,  which  I  established  for 
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solid  conductors  in  1824*,  and  for  liquidsin  1825,  may  be 
easily  demonstrated  in  various  ways.  In  order  to  deraonstrate 
it  in  solid  conductors,  we  hâve  merely  to  take  a  very  wide 
plate  of  copper,  one  of  5  or  6  inches  for  instance,  and  about  a 
foot  in  length,  terminated  at  its  extremities  by  two  wires,  also 
of  copper,  placed  on  the  prolongation  of  the  line  that  di vides 
the  plate  into  two  equal  parts,  and  intended  for  placing  it  in 
the  voltaic  circuit.  This  plate  is  arrangea  vertically  within 
the  cage  of  a  torsion-balance,  the  wire  of  which  carries  an 
astatic  conductor  ;  and  which  is  so  placed  that  its  différent 
longitudinal  sections  are  successively  opposite  to  the  vertical 
branch  of  this  conductor.  The  current  is  then  so  directed 
that  it  shall  pass  in  opposite  directions  in  the  plate,  and  in 
the  movable  conducting  wire,  which  gives  rise  to  a  repulsion. 
We  find,  on  taking  the  mean  of  many  expérimenta,  that  the 
angles  of  torsion  necessary  to  bring  the  movable  conductor 
back  and  into  contact  with  the  fixed  conductor,  are  sensibly 
the  same,  whatever  be  the  portion  of  the  latter  that  is 
acting  upon  it.  If  the  current  is  directed  so  that  attraction 
takes  place,  we  find  that  the  angles  of  torsion,  necessary  for 
detaching  the  movable  conductor  from  the  fixed  one,  are  the 
same,  whatever  portion  of  the  latter  be  made  to  act  upon 
the  other.  In  order  to  measure  their  force  of  mutual  at- 
traction or  repulsion,  we  place  the  two  conductors  at  an 
almost  imperceptible  distance  from  each  other,  so  as  to  be 
sure  that  the  action  is  due  only  to  the  actual  section  of  the  fixed 
conductor  that  is  situated  opposite  to  the  movable  conductor, 
the  action  of  the  other  sections  being  exerted  too  obliquely  to 
produce  an  appréciable  effect  It  follows  from  this  experiment, 
that  dynamic  electricity  appears  to  be  equally  distributed 
throughout  the  whole  extent  of  a  plate  serving  as  its  con- 
ductor, and  gives  rise  to  as  many  parallel  currents,  of  equal 
intensity  with  each  other,  as  we  may  suppose  there  are  infi- 
nitely  thin  sections  in  the  rectangular  plate. 


*  Mêm.  delà  Soc.  de  Physique  et  de  V Histoire  Nat.  de  Genève,  tom.  iil  p.  109. 
and  Ann.  de  Ch.  et  de  Phys.  tom.  xxviiL  p.  190. 
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We  arrive  at  the  same  resuit  by  placing  horizontally,  in 
the  direction  of  the  magnetic  meridian,  the  copper  plate,  or 
a  surface  of  mercury,  to  which  we  may  give  a  width  of  as 
much  as  8  or  10  inches;  and  by  bringing  as  near  to  it  as 
possible  a  very  small  magnetised  needle,  perfectly  horizontal, 
and  very  delicately  suspended.  The  déviation  that  occurs 
to  this  needle,  when  the  conducting  surface  above  which  it  is 
situate  is  placed  on  the  circuit,  is  the  same,  whatever  be  the 
portion  of  this  surface  that  is  acting  directly  upon  it,  provided 
that  the  needle  is  never  so  near  to  the  edge  that,  when  it  is 
deflected,  its  extremity  is  situated  beyond  the  surface.  Thus 
we  are  led  to  admit  that  the  electric  current,  on  entering  into 
a  solid  conductor,  distributes  itself  through  the  whole  extent 
of  this  conductor,  by  small  parallel  filaments,  ail  of  equal 
intensity  ;  whence  it  follows  necessarily,  that  the  less  con- 
sidérable this  extent  is,  the  more  will  the  electric  current  be 
condensed,  and  the  greater  consequently  will  be  its  intensity 
in  each  section  of  the  conductor  ;  a  resuit  that  is  fully  con- 
firmed  by  experiment,  when  we  employ  a  conducting  plate  of 
uniform  thickness,  but  wider  in  a  certain  part  of  its  length 
than  in  others  ;  the  action  of  the  plate  upon  the  needle  is 
more  intense  in  proportion  as  the  portion  over  which  the 
needle  is  placed,  is  narrower.  This  same  condensation  of 
the  current  is  demonstrated  by  the  power,  which  the  narrow 
part  of  the  conducting  plate  possesses,  of  attracting  iron 
filings,  whilst  the  wide  part  does  not  attract  the  slightest 
quantity.  To  the  same  cause  also,  as  we  shall  presently  see, 
is  due  the  development  of  heat  that  accompanies  the  passage 
of  the  electric  current  in  the  narrow  parts  of  a  conductor, 
whose  wide  parts  suffer  no  sensible  change  of  température, 
although  they  are  traversed  by  the  same  current  during 
the  same  time. 

The  law,  that  we  hâve  just  laid  down,  is  only  verified  in  an 
accurate  manner  in  conductors  in  which  one  of  the  dimensions, 
the  length,  exceeds  the  others,  which  constitutes  the  case  of 
linear  propagation.  In  other  cases,  the  law  is  less  simple. 
M.  Kirchoff,  who  made  a  particular  study  of  this  subject,  has, 
however,  arrived  at  results  which   are  altogether  in  con- 
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formity  with  the  theory  whereby  the  propagation  of  elec- 
tricity  is  explained.* 

Dynamic  electricity  equally  manifesta  this  same  tendency 
of  distributing  itself  in  a  liquid  conductor  that  is  susceptible  of 
being  decomposed,  as  well  as  in  a  solid  conductor,  or  a  liquid 
such  as  mercury.  I  proved  this  in  the  folio wing  manner  in  1825. 
Take  a  large  trough,  some  2  ft.  or  more  in  diameter,  for  in- 
stance, and  3  or  4  inches  deep,  and  fill  it  with  sait  water  or 
diluted  acid,  and  then  plunge  into  it  the  two  pôles  of  the  pile, 
each  at  a  distance  of  2  or  3  inches  from  the  edge,  and  so  that 
they  are  situated  on  the  same  diameter.  It  is  well  to  employ 
as  électrodes  two  platinum  sphères,  of  about  half  an  inch,  for  in- 
stance, in  diameter,  each  surmounted  by  a  métal  stem,  covered 
with  an  insulating  coating,  serving  to  sustain  them,  and  to 
make  communication  with  the  pôles  of  the  pile.  Then  attach 
to  each  of  the  extremities  of  the  wire  of  a  magnetic  galvano- 
meter  a  small  rod  of  platinum,  and  by  means  of  a  pièce  of 
ivory  or  any  other  insulating  body,  maintain  thèse  two  rods, 
which  are  of  the  same  diameter  and  the  same  length,  always 
at  the  same  distance  apart,  2  inches,  for  example.  Then  plunge 
this  species  of  fork  into  varions  parts  of  the  liquid  that  is 
traversed  by  the  current,  taking  care  that  the  extent  of  the 
portion  immersed  is  always  the  same.  In  this  way  we  collect 
the  portion  of  the  current  that  traversed  the  section  of  liquid 
interposed  between  the  two  platinum  points  of  the  galvano- 
meter.  We  find  that  it  is  greatest  in  quantity  on  the  right  line 
that  joins  the  two  pôles  of  the  pile  and  between  thèse  pôles, 
but  that  upon  this  line  itself  it  increases  in  intensity, 
setting  out  from  the  middle,  where  it  is  most  feeble,  to 
near  the  pôles,  where  it  attains  its  maximum.  However, 
we  find  currents  in  ail  parts  of  the  liquid,  even  behind 
the  pôles,  that  is,  in  the  parts  comprised  between  each 
*  pôle  and  the  edge  of  the  trough.  The  diffusion  of  tbe  cur- 
rents is  the  more  decided,  in  proportion  as  the  liquid  is  a 
worse  conductor  ;  so  that  it  seems  as  if  the  currents  describe, 
from  one  pôle  to  the  other,  curves  of  greater  or  less  curvature. 


♦  Sce  tho  final  note  A.,  for  the  ezplanation  of  M.  KircbofTs  researches. 
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It  would  be  an  mteresting  matter  to  détermine  exactly  the 
form  of  thèse  curves,  by  searching,  by  means  of  platinum 
gauges,  for  ail  the  éléments  of  the  filament  that  hâve  the  same 
intensity  ;  which  would  enable  us  to  trace  out  the  polygon,  and 
consequently  the  isodynamic  curve,  which  would  probably 
vary  with  the  conductibility  of  the  liquid. 

M.  Matteucci,  who  published  in  1839  some  researches  on 
the  same  subject,  adopted  also  the  same  method,  but  employ- 
tng  as  gauges  plates  instead  of  wires  of  platinum.  The  chief 
object  of  his  experiments  was  to  détermine  the  influence 
which  the  extent  and  distance  of  the  immersed  plates  exercise 
over  the  intensity  of  the  current  that  they  are  ableto  absorb; 
and  he  found,  that  in  proportion  as  the  liquid  is  a  better  con- 
ductor,  -so  must  their  surface  and  their  mutual  distance  be 
increased  in  order  to  collect  a  current  of  the  same  force. 
And  if  the  immersed  surfaces  of  the  plates  are  equal,  their 
distance,  in  a  saturated  solution  of  sulphate  of  copper, 
must  be  twenty  times  greater  than  in  distilled  water.  When 
the  two  pôles  are  not  in  the  line  that  dividés  the  liquid  mass 
in  the  middle,  it  is  found  that  the  current  absorbed  by  the 
gauges,  at  an  equal  distance  from  the  middle  line,  but  on  the 
two  différent  sides  of  tins  line,  is  always  more  powerful  on  the 
side  that  is  nearer  the  edge  of  the  trough,  namely,  in  the 
stratum  that  contains  the  less  liquid.  I  should  add,  that  M. 
Matteucci  made  his  experiments,  by  employing  a  double 
galvanometer,  and  two  perfectly  similar  Systems  of  gauges, 
so  arranged  that  the  current  collected  by  one  was  led  in  a 
contrary  direction  to  that  collected  by  the  other.  Hence  it 
followed,  that  whenever  the  two  collected  currents  were  per- 
fectly equal,  the  needle  of  the  galvanometer  remained  at  rest  ; 
and  that  the  direction  of  its  déviation,  when  it  occurred,  in- 
dicated  which  of  the  two  currents  was  the  more  intense. 
/  Thy^M^Jjw^to  which  the  propagation  of  electricityin  a 
fconcluctor  is  subject,  is,  mat  two  or  more  electric  currents  may 
Jbe  propagated  in  the  same  conductor  without  mutually 
|  modifying  each  other,  and  consequently  in  a  manner  altogether 
[independent  of  each  other.  M.  Marianini  has  proved  this 
property  by  passing  through  a  liquid,  placed  in  a  cubical 
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vessel,  two  currents,  so  arranged  that  the  filaments  of  which 
they  are  composed  cross  each  other  at  right  angles,  without 
any  variation  occurring  in  the  intensity  of  either  of  them  ; 
/  an  intensity  which  remains  the  same  whether  they  pass 
{  separately  or  both  together  through  the  liquid  conducting 
mass.  À  third  carrent  may  be  also  transmitted  through  the 
same  liquid  that  is  already  transmitting  the  other  two,  and  in  a 
direction  perpendicular  to  them  ;  and  this  transmission  ope- 
rates  in  the  same  manner  as  if  this  liquid  were  not  traversed 
bj  any  current.  Tliis  independence  in  the  propagation  of 
currents  has  been  also  established  by  passing  two  or  even  three 
currents  through  a  column  of  liquid,  in  directions  more  or  less 
oblique  to  each  other,  and  even  by  transmitting  them  through 
the  wire  of  the  same  galvanometer,  upon  which  the  effect 
observed  is  always  the  sum  or  the  différence  of  the  individuai 
effects  of  the  partial  currents. 

Thèse  facts,  at  first  sight,  seem  to  establish  a  great  analogy 
between  dynamic  electricity  and  light,  the  rays  of  which  may 
ail  cross  each  other  in  the  same  small  hole  without  under- 
going  the  least  altération,  and  each  preserving  its  own 
character  and  its  spécial  properties.  However,  the  analogy 
is  more  apparent  than  real  ;  for,  as  we  hâve  remarked  in  the 
preceding  section,  the  propagation  of  electricity  cannot  be  as- 
similated  to  a  radiation,  and  in  fact  it  possesses  none  of  its 
properties,  not  having  of  itself  a  rectilinear  direction,  nor 
being  capable  of  undergoing  reflection,  refraction,  or  polari- 
sation. 

^^hi^Jaw^which  at  the  first  glance  seems  also  to  be 
favouraoï^othe  analogy  that  we  hâve  just  rejected,  is  the 
diminution  of  intensity  that  electricity  undergoes  in  its  pro- 
pagation through  a  liquid  mass,  when  it  is  intercepted  on  its 
route  by  métal  plates  or  diaphragma  interposed  in  the  liquicL 
This  phenomenon,  which,  I  pointed  out  in  1825,  is  easily  de- 
monstrated  by  separating  with  métal  plates,  into  two  or  more 
distinct  compartments,  a  conducting  mass  of  liquid  contained 
in  a  rectangular  vessel  10  or  12  inches  long,  into  the  two 
extremities  of  which  the  pôles  of  a  pile  are  inserted.  A  gal- 
vanometer, placed  in  the  circuit  of  the  transmitted  current, 
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indicates,  by  the  amplitude  of  its  déviations,  that  this  current 
suffers  a  sensible  diminution  of  intensity,  by  the  interposition 
of  one  or  more  métal  diaphragms,  even  when  the  diaphragm  is 
a  better  conductor  than  the  liquid  section  that  it  replaces.  But 
this  diminution  is  proportionately  less  for  the  same  diaphragm, 
as  the  number  of  diaphragms  already  interposed  is  greater, 
and  as  the  number  of  pairs  constituting  the  pile  employed  is 
greater.     Thus  a  current,  which  by  the  interposition  of  two 
diaphragms  is  not  more  than  75°  is  reduced  to  73°  only,  by  the 
interposition  of  a  third;  whereas  a  current  of  an  initial  inten- 
^*       sity  of  75°  is  reduced  to  67°  by  the  interposition  of  a  single 
^oà      diaphragm.     M.  Marianini  and  other  philosophera,  who  hâve 
made  a  great  number  of  expérimenta  on  this  subject,  hâve  ail 
_^^      confirmed  my  conclusions.     This  influence  of  diaphragms  is 
^^      also  rendered  évident  by  calorific  and  chemical  voltameters, 
^^      as  well  as  by  the  magnetic  galvanometer.     Thus,  a  current, 
\       which  when  transmitted  through  nitric  acid  marks   38°  on 
C\       the  calorific  galvanometer  placed  in  its  circuit,  gives  only  30° 
v  ^     when  a  platinum  diaphragm   divides   the  column   of  nitric 
acid  into  two  compartments,  and  0°  when  there  are  two  dia- 
phragms instead  of  one.     The  first  diaphragm,  which  reduces 
the  calorific  effect  to  the  y^th  of  what  it  was  originally,  re- 
duces the  chemical  effect  only  to  j-th.   In  fact,  with  the  chemi- 
cal voltameter  placed  in  the  circuit  of  the  current,  instead  of 
the  calorific  we  find  that  it  requires  5'  for  the  libération  of 
a  certain  quantity  of  gas,  when  there  is  no  diaphragm,  whilst 
it  requires  25'  if  there  is  one  diaphragm. 

It  is  well  known  that  light  and  radiant  heat  undergo  a 
diminution  of  intensity,  which  is  subject  to  the  same  laws, 
when  we  interpose  in  their  course  one  or  more  diaphragms 
that  are  more  or  less  capable  of  transmitting  them  under  their 
radiant  form  ;  this  had  given  rise  to  the  analogy  to  which  we 
referred  just  now.  Hère  also  the  analogy  is  in  fact  more 
apparent  than  real  ;  for  it  is  easy  to  prove  that  the  phenomenon 
of  diaphragms,  in  the  case  of  electricity,  is  only  a  phenome- 
non of  conductibility.  I  had  noticed,  as  far  back  as  1825, 
that  so  long  as  the  métal  diaphragm  does  not  entirely  prevent 
the  two  portions  of  liquid  that  it  séparâtes  from  communicating 
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together,  the  carrent  déviâtes  in  great  part  from  its  route, 
rather  than  traverse  the  diaphragm.  M.  Matteucci  obtained  a 
still  more  significant  resuit,  by  placing  within  a  large  trough 
filled  with  a  conducting  liquid  a  box  about  £in.  wide  and  4in. 
long,  closed  at  its  two  ends  by  two  platinuni  plates,  whilst  its 
two  longer  sides  were  of  wood.  After  having  filled  it  with 
the  same  conducting  liquid,  and  to  the  same  level,  he  places  it 
so  that  its  two  platinum  faces  were  in  front  of  the  pôles  of  the 
pile,  which  were  placed  in  the  large  trough.  One  of  the  two 
Systems  of  gauges  is  plunged  inside  the  box,  and  the  other 
outside;  but  both  are  placed  symmetrically  in  respect  to  the 
line,  that  joins  the  two  pôles.  When  the  déviation  of  the 
galvanometer  which  is  in  favour  of  the  System  exterior  to 
the  box,  has  become  constant,  the  interior  System  is  to  be 
taken  away;  and  this  makes  no  change  whatever  in  the 
déviation;  a  proof  that  no  current  was  transmitted  in  the 
liquid  withinside  the  box,  and  that  the  current  instead  of 
traversing  the  two  plates,  is  inflected  round  the  sides,  so  as 
to  pass  only  tlirough  the  continuous  portion  of  the  liquid. 

Independently,  however,  of  the  résistance  proper,  opposed 
by  a  liquid  and  a  solid  to  the  transmission  of  an  electric 
current,  there  is  a  spécial  résistance  due  to  the  mère  fact  of 
the  passage  of  the  current  from  a  solid  into  a  liquid,  or 
from  a  liquid  into  a  solid.  We  call  this  résistance,  the  résist- 
ance to  passage.  It  always  takes  place  while  a  liquid  is  being 
traversed  by  an  electric  current;  for,  in  order  to  put  this 
liquid  into  the  circuit,  solid  conductors,  called  électrodes, 
must  necessarily  be  employed.  This  résistance  to  passage 
does  not  appear,  as  several  philosophers  hâve  supposed, 
to  be  the  effect  of  a  peculiar  property  appertaining  to 
the  very  nature  of  the  electric  current,  as  is  the  case  in 
respect  of  the  action  of  screens  upon  light,  and  upon  ra- 
diant heat.  It  is  rather  the  resuit  of  the  electro-chemical 
phenomena  which,  in  virtue  of  the  decomposing  action  of 
the  current,  necessarily  occur  on  the  surfaces  of  the  solid 
conductors  that  are  in  contact  with  the  liquids  in  which 
they  are  transmitting  this  current  Thèse  very  complex 
phenomena,  which  we  shall  study  hereafter,  must  dépend 
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upon  the  chemical  nature  of  the  solid  and  liquid  conducto» 
that  are  in  contact,  and  upon  the  various  circumstances  by 
which  their  mutual  action  may  be  modified.  And  in  ré- 
férence to  this,  I  had  already  remarked  in  1825,  that  the  ré- 
sistance to  passage  is  less,  in  proportion  as  the  liquid  exercises  a 
more  powerful  chemical  action  upon  the  solid  conductor; 
and  I  observed  subsequently,  that  the  élévation  of  the  tempe- 
rature  of  the  électrodes,  more  particularly  of  the  négative  élec- 
trode, also  diminishes  it.  I  had  also  succeeded  in  completely 
annihilating  it,  by  employing  currents  passing  alternately  in  a 
contrary  direction,  as  those  which  are  obtained  with  a  mag- 
neto-electric  machine,  or  by  simply  placing  a  commutator  or 
rheotrope  in  the  circuit  of  an  ordinary  voltaic  current  In 
this  case,  for  example,  the  currents  that  alternately  succeed 
each  other,  produce  upon  the  solid  surfaces  chemical  effects 
that  are  alternately  contrary,  and  consequently  which 
neutralise  each  other;  and  then,  by  taking  certain  pré- 
cautions,— such  as  employing  tolerably  energetic  currents, 
and  causing  them  to  succeed  each  other  with  great  rapidity, 
— we  succeed,  as  we  hâve  just  mentioned,  in  annihilating 
the  résistance  to  passage.  In  the  Ghapter  wherein  we  shall 
be  engaged  with  the  electro-chemical  décomposition  of  bodies, 
we  shall  retura  to  this  class  of  phenomena,  which  immediately 
dépend  upon  it. 

^^gmjdjjw,  that  régulâtes  the  propagation  of  electricity, 
is,  that  ail  the  successive  parts  of  a  closed  circuit,  including 
also  the  apparatus  itself  which  produces  the  electric  current, 
are  traversed  at  the  same  time  by  the  same  quantity  of 
electricity,  whatever  be  the  diversity  of  their  nature,  their 
form,  and  their  extent  ;  circumstances,  which  influence  only 
the  absolute  quantity  of  electricity  that  is  in  circulation,  and 
not  its  relative  intensity  in  différent  parts  of  the  circuit 
Also,  if  we  hâve  in  the  same  circuit,  first  the  pile,  then  a 
wire  coming  from  one  of  its  pôles  and  entering  into  a  liquid, 
and  two  or  more  parallel  wires  extending  from  this  liquid  to 
the  other  pôle,  the  quantity  of  electricity  that,  under  the 
form  of  a  current,  traverses  the  pile  itself,  the  first  wire,  the 
liquid,  and  the  two  or  more  parallel  wires,  is  exactly  the 
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fuupe.     It  îs  clear  that,  if  this  latter  System  of  condactors  is[ 
composed  of  two  wires,  and  thèse  two  wires  are  perfectly  I 
similar    in    ail  respects,   the  quantity   of   electricity    that  À 
circulâtes  in  each  of  them  is  the  half  of  what  is  circula ting  M 
in  the  first  wire  ;  it  would  be  the  third  if  there  were  three  1 
wires,  and  so  on;  bnt  in  the  two  or  three  united,  it  is  I 
together  the  same  as  in  the  first  wire.     Ampère  had  obtained  ' 
a  glimpse  of  this  important  law,  when  he  showed  that  the 
effect  prodnced  npon  the   magnetised   needle  is   the  same 
whatever  be  the  portion  of  a  voltaic  circuit,  including  the 
pile,  that  acts  upon  it.     M.  Becquerel  had  proved  it  in  a 
more  accurate  manner,  by  soldering  wires  at  différent  points, 
taken  at  equal  distances,  on  a  métal  conductor  that  connecta 
the  two  pôles  of  a  pile,  which  wires  he  connected  with  the 
ends    of   a  galvanometer,   and  finding  that    the    currents 
conducted  by  thèse  wires  two  by  two  were  equal  in  force, 
when  the  portions  of  the  principal  conductor,  intercepted  by 
the  two  Systems  of  soldered  wire  were  themselves  equaL 

I  hâve  myself  on  several  occasions  announced  the  same       1^~ 
principle,  founding  it  npon  facts  that  I  shall  set  forth  in       v 
the  Chapter  of  the  Fifth  Part  in  which  I  shall  be  treating       \X 
of  the  theory  of  the  voltaic  pile.     Finally,  Pouillet   and      ^J^ 
Fechner  hâve  demonstrated  this  law  in  a  direct  manner.     M.      ^>x 
Pouillet  placed  ail  the  successive  éléments  of  a  thermo-      V5> 
electric  pile  in  the  magnetic  meridian,  as  he  did  also  the       2^» 
conductor  employed  for  the  completion  of  the  circuit  ;  and     Jy 
he  found  that  a  magnetised  needle  placed  above  any  part  of    ^^ 
tjie  whole  circuit  always  obtained  the  same  déviation,  what- 
ever this  part  was.     M.  Fechner  on  his  part  obtained  a  si- 
milar resuit  by  making  a  magnetised  needle  oscillate  over  the 
différent  solid  portions  of  a  voltaic  circuit,  placed  perpen- 
dicularly  to  the  direction  of  the  needle,  and  discovering  that 
thèse  oscillations    are   executed  in   the   same   time,  which 
proves  the  equality  of  the  intensity  of  the  current  in  thèse 
différent    parts.     However,    he  did    not    verify  by  direct 
experiment,   that   this  equality  extends  to  the  liquid  con- 
ductors  of  the  pile,  which  is  however  generally  admitted. 
.    The  law  to  which  we  are  referring,  admitted  implicitly  by 
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Ohm  in  his  theory  of  the  pile,  bas  been  proved  less  by  direct 
expérimenta,  than  by  the  conséquences  that  hâve  been 
derived  from  it,  and  which  hâve  always  been  verified.  It 
appears  to  me,  however,  to  be  necessary  to  give  it  a  positive 
expérimental  démonstration.  The  following  is  the  description 
of  the  apparatus  that  I  hâve  constrncted  for  this  purpose. 
(Fig.  180.) 

The  ends  of  glass  tubes  which  are  ail  of  the  same  diameter, 


Fig.  180. 

and  perfectly  symmetrical  throughout,  are  united  to  each 
other  by  solid  or  hollow  métal  cylinders  of  the  same  exterior 
diameter  as  the  tubes,  and  presenting  a  face  of  zinc  at  one 
of  their  extremities  and  a  face  of  copper  at  the  other.  The 
glass  tubes  are  filled  with  différent  conducting  liquids  ;  and 
the  circuit  is  completed  by  means  of  a  glass  tube,  also  of  the 
same  diameter  as  the  others,  and  filled  with  mercury.  We 
thus  obtain  a  circuit  composed  of  voltaic  pairs,  of  liquids,  of 
hollow  and  of  solid  métal  conductors,  and  of  a  column  of 
mercury  ;  in  a  word,  of  parts  that  are  ail  conductors,  althougbi 
some  only  of  them  are  active  ;  and  the  transverse  section  is 
the  same  to  ail.  If  the  différent  parts  of  this  circuit  are 
successively  arranged  so  that  they  are  parallel  to  the  mag- 
netic  meridian,  a  magnetised  needle,  delicately  suspended 
over  each  of  them,  exécutes  the  same  number  of  oscillations  ; 
the  needle  does  not  suffer  any  déviation,  when  it  is  placed 
exactly  between  two  opposite  parts  of.this  circuit,  each  parallel 
to  the  meridian.  Thèse  results  prove  that  the  sum  of  the 
electric  forces,  that  are  traversing  at  the  same  time  each  of 
the  transverse  sections  of  this  circuit,  is  absolutely  the  same. 
We  hâve  merely  to  substitute  for  the  liquid  in  one  of  the 
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compartments,  another  liquid  that  is  a  worse  or  a  better  con-    1 
ductor,  and  we  diminish  or  increase  the  absolute  intensity  of    | 
the  carrent,  not  only  in  the  part  of  the  circuit  that  is  modi- 
fied,  but  equally  in  the  whole  of  the  circuit  ;  so  that  its  force     1 
remains  always  the  same  in  ail  portions  at  the  same  instant.        J 

In  the  preceding  experiment,  I  hâve  supposed  that  the 
circuit,  although  heterogeneous,  is  however  such  that  ail  its 
transverse  sections  are  equaL  The  law  equally  holds  good, 
when  they  are  unequal.  To  prove  this,  we  hâve  merely  to 
supply  the  place  of  the  mercury  that  is  in  the  tube,  by  a 
wire  of  any  diameter,  either  homogeneous  or  composed  of 
pièces  of  différent  metals  soldered  end  to  end,  taking  care 
to  put  the  wire  in  the  axis  of  the  same  tube  which  was  pre- 
viously  occupied  by  the  mercury,  and  in  such  a  manner  that  it 
also  complètes  the  circuit.  If  the  magnetised  needle  is  placed 
above  the  différent  parts  of  this  wire,  it  will  be  found  to  give 
the  same  number  of  oscillations  as  when  it  is  placed  over  the 
différent  liquid  or  solid  conductors  that  are  in  the  rest  of  the 
circuit  Only,  in  order  to  neutralise  the  différences  that  might 
arise  from  the  diversity  of  diameters  of  the  différent  parts  of 
the  circuit,  we  must  take  the  précaution  of  so  placing  the  • 
needle,  that  it  may  not  be  too  near,  but  always  in  such  a 
position  that  it  is  everywhere  at  the  same  distance  from  the 
axis  of  the  conductors  that  are  acting  upon  it. 

It  follows  from  this  fourth  law,  that  the  absolute  intensity 
of  the  electricity,  that  travels  in  the  form  of  a  current  through 
a  closed  circuit,  dépends  upon  two  circumstances  alone, —  the 
force  or  forces  that  produce  the  electricity,  and  which  we 
may  call  electro-motive  forces,  and  the  résistances  to  con- 
ductibility  presented  by  ail  the  circuit  taken  together.  This 
latter  élément,  which  had  never  previously  been  taken  into 
account,  was  pointed  out  by  myself,  both  in  1825,  in  the 
memoir  to  which  I  hâve  already  alluded  above  and  also  in 
the  subséquent  researches  that  I  published  in  1828  and  after- 
wards.  In  an  important  work  which  appeared  in  1827,  M. 
Ohm,  as  a  resuit  of  purely  theoretical  spéculations,  came  to 
the  conclusion  that  the  force  of  the  current  in  a  closed 
circuit  is  directly  proportional  to  the  sum  of  the  electro- 
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motive  forces  that  are  in  activity  in  the  circuit,  and  which 
we  mil  call  e,  and  inversely  proportional  to  the  total  résist- 
ance, or  the  sum  of  the  résistances  of  ail  the  parts  of  the 
circuit,  which  we  will  designate  by  B  ;  in  other  words,  that 
the  intensity  of  the  current,  i,  is  equal  to  the  sum  of  the 
electro-motive  forces,  divided  by  the  sum  of  the  résistances  : 

I  =  — .  Experiment  has  proved  the  accuracy  of  this  for- 
mula, within  limits  sufficient  for  the  purposes,  to  which  we 
are  required  to  apply  it  in  the  présent  chapter.     We  shall 

bturn  to  this  in  the  sequel,  when  we  are  engagea  upon  the 
theory  of  the  pile. 

^U^yjjjyjr,  which  arises  immediately  out  of  the  preceding, 
is/that  if  we  increase  or  diminish  the  résistance  of  any  part 
of  a  circuit,  the  total  intensity  of  the  current  diminishes  or 
increases,  ail  other  circumstances  remaining  the  same,  in  a 
proportion,  which  is  the  same  as  that  existing  between  the 
résistance  added  or  removed,  and  the  total  new  résistance  of 
the  entire  circuit. 

E 

If  in  the  formula,  i  =  -,  B  becomes  B  +  r,  or  B  —  r,  I 

B 
E  E 

becomes  — — -  or  --  .  Calling  i'  the  intensity  in  the 
former  case,  and    i"  the  intensity  in  the  latter,  we  hâve 

.        .,       E  E  E  1  1  1  , 

I  :  i'  :  l"  =  -  :  — —  :  =  -  :  — ■ —  : ;    whence 

B     E-fr     B  — r     B     B  -h  r     B  —  r 

we  deduce,  I  —  i'  M  =  r  :  B  +  r,  and  i"—  I  :  I  =  r  :  B  —  r  ; 
namely,  that  the  diminution  of  intensity  is  to  the  primitive 
intensity  as  the  added  résistance,  r,  is  to  the  new  total  ré- 
sistance B  +  r  ;  and  the  increase  i"  —  I  is  to  the  primitive 
intensity,  as  the  suppressed  résistance  r  is  to  the  new  total 
résistance  B  —  r. 

Fechner  verified  experimentally,  by  means  of  the  oscil- 
lations made  by  the  needle  under  the  action  of  the  magnet, 
the  accuracy  of  the  law  that  we  hâve  just  stated.  He  hence 
concluded  that  a  pile  whose  electro-motive  force  is  repre- 
sented  by  1,  and  whose  pôles  are  connected  by  a  conductor 
whose  résistance  is  also  equal  to  1,  and  in  which  9  représenta 
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the  résistance  of  the  pile  itself,  would  hâve  a  force  représentée! 

by  jr— r  =r  — .     By  doubling  the  résistance  of  the  conductor, 

it  is  évident  that  we  do  not  render  the  force  of  the  pile  one- 

half  less  ;  for  it  becomes  Q      .      -  =  —,  in  place  of  — ,  as  it 

"  "T  1  ~r  1       11  10 

was  at  first     If  it  is  the  résistance  of  the  conductor  inter- 

posed  between  the  pôles,  that  is  9  times  that  of  the  pile,  then 

by  doubling  this  résistance,  the  force  of  the  pile,  which  was 

at  first  equal  to  j-^=— ,  becomes  y+Tï$  -  19-      From 

this  we  can  readily  perceive  that,  the  greater  the  résistance  t|| 
of  the  interposed  conductor,  the  less  is  the  influence  of  the  M 
résistance  of  the  other  parts  of  the  circuit  M.  Pouillet  ar- 
rived  at  the  same  vérification  by  employing  the  tangent  gai- 
vanometer,  and  by  means  of  the  following  expérimenta.  He 
took  a  single  pair  of  DanielTs  constant  pile,  the  current 
from  which  he  passed  through  this  tangent  galvanometer 
(fig.  182.),  by  means  of  two  copper  roda  ;  then,  with  silk- 
covered  copper  wire,  he  made  séries  of  différent  lengths,  of 
5,  10,  40,  70,  and  100  mètres,  which  he  rolled  up  and  co- 
vered,  wrapping  them  in  a  ribbon,  so  that  the  two  ends, 
being  bent  back  into  a  hook,  might  easily  be  plunged  into 
cups  of  mercury,  arrangea  for  establishing  communication. 
The  following  is  then  the  mode  of  proceeding: — The  current 
is  passed  direct  through  the  tangent  galvanometer,  and  the 
déviation  is  observed  ;  then  ail  the  wires  of  the  séries  are 
successively  introduced  into  the  circuit,  the  corresponding 
déviations  being  carefully  noted,  bearing  in  mind  that  the 
intensities  of  the  successive  currents  are  proportional  to  the 
tangents  of  the  angles  of  déviation  obtained.  The  résistance 
of  the  total  circuit  (which  is  composed  of  the  résistances  of 
the  pair  before  the  wires  were  introduced,  of  the  wire  of  the 
galvanometer,  and  of  the  various  conductors  employed  for 
establishing  the  communication),  being  B,  this  résistance 
becomes  successively,  in  proportion  as  the  wires  of  différent 
lengths  are  introduced,  B  +  5m,  B  +  10*,  &c. 
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The  following  table   was  obtaîned  from  thèse    experi- 


ments  :  — 


Résistances. 

Deriations  obserred. 

Tangents  of  the  Déviations. 

R 

62°-00 

1-880 

R  +     5m 

40°.20 

0*849 

R+   ÎO" 

28°30 

0543 

R+   40»a 

9°-45 

0172 

R+   70* 

6°'00 

0105 

R  +  100"1 

4°15 

0074 

\ 


\ 


By  comparing  the  first  observation  with  each  of  the  others, 
we  deduce  for  R  the  values  4m-ll;  4m-06;  4m-01  ;  4nu14; 
and  4m-09  ;  the  mean  of  which  is  4m-08.  For  this  purpose 
we  make  nse  of  the  formula  i— i'  :  i=r  :  R-fr,  putting  in 
place  of  i,the  value  1*880;  and  in  place  of  l' the  successive 
values  0-849,  0-543.,  &c,  and  in  the  place  of  r,  the  cor- 
responding  values  5m,  10m,  40m,  &c. 

This  resuit  shows  that,  with  some  very  trifling  différences, 
which  can  only  be  attributed  to  small  errors  of  expérimenta 
We  obtain  the  same  value  for  R,  whichever  of  the  subséquent 
observations  is  compared  with  the  first;  a  proqf  that 
we  were  right  in  our  statement,  that  I— i'  :  i=r  :  R+r; 
for,  by  substituting  for  I  the  number  1-880,  we  obtain 
for  r  the  same  value,  when  we  put  successively  for  r,  5m, 
10m,  40™,  70m,  and  100™  ;  and  for  i",  the  correspondîng 
values  0-849,  0-543,  0-172,  0-105,  and  0-074.  Thus  the 
law,  which  gave  us  the  formula,  is  quite  true,  since  it  leads, 
on  being  applied  in  ail  possible  cases,  to  a  same  value  for  a 
quanti ty  which  is  indeed  necessarily  the  same. 

The  value  of  R=4m,08,  indicates  that  the  résistance  of  ail 
the  primitive  circuit,  not  including  consequently  the  copper 
wires  that  are  added  to  it,  is  equal  to  the  résistance  that 
would  be  offered  by  a  length  of  the  same  copper  wire  equal 
to  4m*08  ;  this  is  called  the  rgduçed  l^ntph.  Thus  the  reduced 
length  of  a  circuit  is  the  length  ofawire*  of  a  mvennature  and 
thickness.jchûÀZ  résistance  is  equaljo  tKe  sumof tkermStwtee*-^ 
is  circuit.  It  is  a  very  convenient  mode  of  expressing  the 
résistance  to  conductibility,  presented  by  the  whole  or  by  a 


Digitized  by 


Google 


chap.  X.  PROPAGATION  OF  ELECTBICITY.  81 

part  of  a  circuit,  to  reduce  it  to  that  which  would  be  pre- 
sented  by  a  certain  length  of  wire  of  a  given  nature  and 
diameter.  We  shall  see  presently  the  advantage  that  has 
been  taken  of  this  principle,  for  the  construction  of  a  very 
valuable  apparatus,  intended  for  measuring  electric  currents. 

But  before  coming  to  this,  we  hâve  yet  to  establish  two 
important  laws,  which  follow  implicitly  from  the  preceding, 
but  which  may  be  demonstrated  directly;  thèse  laws  are, 
that  the  résistance  opposed  to  a  current  by  any  conductor  is 
proportional  to  its  length  and  the  inverse  of  its  section.  We 
hâve  implicitly  admitted  the  first  of  thèse  two  laws  in  respect 
to  a  wire,  when  we  represented  by  their  Respective  lengths 
the  résistances  added  by  the  interposition  of  each  of  the  wires 
of  5m,  ÎO™,  40",  70m,  and  100%  ail  having  the  same  dia- 
meter, and  being  of  the  same  nature*  Now  the  resuit  to 
which  we  hâve  arrived  by  this  hypothesis,  when  applied  to 
many  différent  experiments,  having,  as  we  hâve  seen,  always 
been  in  accordance  with  the  facts,  we  may  regard  it  **^ 
truth.  However,  our  formula  rested  upon  another  hypothesis,  / 
which  it  was  intended  also  to  verify, — namely,  the  existence  of  \ 
the  fifth  law,  in  respect  to  the  relation  between  the  variations  J 
of  intensity  of  the  current  and  the  variations  of  résistance.  Is 
the  accordance  of  this  single  formula  with  facts  sufficient  to 
demonstrate,  at  the  same  time,  both  the  law  which  has  served 
for  establishing  it,  and  also  that  which  has  been  admitted  in 
the  interprétation  of  the  experiments  ?  We  might  doubt  this, 
if  there  were  but  one  single  experiment  ;  but  since  there  are* 
a  great  number,  and  ail  lead  to  the  same  resuit,  we  must 
hence  conclude  that  the'  supposition  which  has  been  made, 
of  the  proportionality  between  the  length  of  a  conductor  and 
the  résistance  that  it  opposes  to  the  current,  is  very  exact. 

The  second  law  relative  to  section  may  be  verified  by  a 
séries  of  experiments,  similar  to  those  which  hâve  served  us 
for  obtaining  the  laws  relating  to  lengths,  by  putting  succes- 
sively  into  the  circuit  wires  of  the  same  nature  and  the  same 
length,  but  of  différent  diameters,  and  by  determining  in  each 
case  the  value  of  the  total  résistance,  or  rather  that  of  the 
diminution  or  the  increase  that  this  résistance  expériences  by 
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the  substitution  of  wires  of  diameters  differing  from  each 
other. 

Davy,  Becquerel,  Harris,  Cumming,  and  generally  ail 
philosophers  who  hâve  directed  their  attention  to  the  con- 
ductibility  of  bodîes  for  electricity,  bave  commenced  by 
proving  that  the  ^n^ctinq  power  of  a  toire  is  in  inverse  ratio 
of  the  lenath.  and  in  direct  rat™  gf  th*  **Hnn  <tf  A*  t«^. 
—  a  law  whicb  amounts  to  precisely  the  same  as  the  one 
we  bave  just  given.  We  shall  make  known  the  various 
processes  of  thèse  philosophers  in  the  part  of  this  Chapter 
which  is  devoted  to  the  détermination  of  the  conducting 
power  of  différent  bodies,  and  to  the  study  of  the  causes, 
by  which  it  may  be  modified. 

Between  the  two  laws,  that  we  hâve  just  laid  down,  there 
is  an  important  différence.    The  first,  namely,  the  one  relating 

\to  lengths,  requires  being  pro ved  directly  by  experiment  ;  the 
second,  that  of  sections,  is  a  conséquence  of  the  uniform  dis- 
tribution of  electricity  in  motion  in  ail  parts  of  a  homogeneous 
conductor.  Indeed,  this  distribution,  which  shows  us  that 
dynamic  electricity  does  not  tend,  like  static  electricity,  to 
the  surface  of  bodies,  but  diffuses  itself  throughout  their 
whole  interiors,  leads  us  to  recognise,  since  it  is  uniform  in  a 
homogeneous  conducting  mass,  that  electric  conductibilité 
must  increase,  and  consequently  résistance  must  diminish, 
with  the  number  of  points,  or  rather  with  the  size  or  the 
extent  of  the  section  made  in  the  conductors.  The  only 
condition  is,  that  the  conductor  must  necessarily  be  homo- 
geneous in  the  transverse  direction;  for  if  it  were  not  so, 
the  distribution  of  electricity  would  no  longer  be  uniform,  and 
the  law  could  evidently  no  longer  be  maintained. 

The  law  of  lengths  and  sections  is  not  only  applicable  to 
solid  conductors,  but  is  equally  so  to  liquids.  Only  it  is 
more  difficult  of  démonstration  in  the  latter  case  than  in  the 
former,  because,  in  order  to  put  the  liquid  into  the  circuit, 
métal  électrodes  must  be  employed;  and,  as  we  hâve  seen, 
by  the  mère  fact  of  the  passage  of  the  current  from  the  solid 
into  the  liquid,  and  from  the  liquid  into  the  solid,  there  is 
a  diminution  of  intensity,  which  is  completely  independent 
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of  the  conductibility  proper  of  the  liquid  itself.  However, 
we  may  eliminate  the  effect  of  tins  élément  by  employing  a 
liquid  column,  that  may  be  elongated  or  shortened  without 
making  any  change  in  the  électrodes.  À  tube,  closed  at  one 
of  its  ends  by  a  dise  of  platinum,  serving  as  one  of  the 
électrodes,  and  in  which  a  piston  moves,  whose  platinum 
base  serves  as  the  other  électrode,  answers  the  purpose  well  ; 
for,  when  once  the  tube  is  full  of  liquid,  we  are  able,  by 
moving  the  piston  onward,  either  to  elongate  or  to  shorten 
the  portion  of  the  liquid  column  that  is  included  in  the 
circuit  We  shall  describe  this  apparatus  more  in  détail, 
when  engaged  on  the  conductibility  of  liquids. 

Fechner,  in  his  great  work,  of  which  we  hâve  already 
spoken,  had  determined  the  law  by  which  the  résistance  of 
the  conductor  is  connected  with  its  length,  as  well  in  the  case^ 
of  a  liquid  as  of  a  solid  conductor.  He  found,  always  by  the 
method  of  oscillations,  that  the  addition  of  equal  lengths  of 
wire  increases  the  résistance  by  equal  quantities;  and  he 
hence  concluded,  that  the  résistance  of  wires  is  proportional  > 
to  their  lengths.  He  afterwards  arrived  at  the  same  law  for 
the  liquid  conductor,  by  successively  separating  the  plates  of 
the  pairs  of  the  pile  by  a  quantity  always  the  same  ;  and  he 
thus  found  that  the  résistance  of  liquids  is  proportional  to 
the  thickness  of  the  liquid  stratum,  that  the  current  has  to 
traverse.  This  law  is  equally  true,  whether  the  section  of 
the  liquid  is  equal  to  the  surface  of  the  plates  of  the  électrode^ 
or  whether  it  is  greater.  With  regard  to  the  law  that  con- 7 
nects  the  résistance  of  the  liquid  with  the  size  of  its  section,  / 
Fechner  found  that  it  is  verified  only  so  long  as  the  surface  I 
of  the  électrode  is  equal  to  that  of  the  section.  Thus,  if  we 
place  vertically  in  a  trough  two  métal  plates,  serving  as 
électrodes,  and  pour  into  the  trough  an  increasing  proportion 
of  a  conducting  liquid,  the  total  résistance  diminishes  by 
quantities  corresponding  with  the  quantity  of  liquid  that  is 
added.  But  when  once  the  extension  of  the  liquid  has 
passed,  by  a  certain  degree,  the  size  of  the  surface  of 
métal  that  is  immersed,  an  increase  in  the  section  of  the 
liquid  no  longer  diminishes  sensibly  the  résistance  ;  at  least, 
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this  is  what  Fechner  believes.  We  shall  see  further  on, 
when  occupied  with  the  conductibility  of  the  terrestrial  globe, 
that  this  opinion  is  true,  but  that  the  limit  at  which  an 
increase  of  the  section  ceases  to  exercise  any  influence  over 
the  résistance  or  the  conductibility  of  a  body,  dépends  upon 
a  great  many  circumstances,  and  especially  upon  the  intensity 
itself  of  the  electricity  in  motion. 

Finally,  a  last  important  law,  which  is  eqnally  the  resuit 
of  the  preceding  and  also  confirmed  by  experiment,  is  that 
which  régulâtes  the  distribution  of  the  electric  current 
between  two  parallel  conductors  placed  in  the  circuit  If 
they  are  of  the  same  nature,  of  the  same  diameter,  and  of 
the  same  length,  —  a  condition  which  is  realised  for  in- 
stance by  two  similar  wires,  —  it  is  évident  that  the  current 
divides  itself  equally  between  them.  But  if  they  are 
of  différent  lengths,  still  being  of  the  same  nature  and 
the  same  diameter,  let  the  length  of  one  be  m,  and  that 
of  the  other  n,  then  the  proportion  of  the  current  that 
traverses  each  of  them  is  inversely  as  its  length,  and  the 
total  intensity  of  the  current  is  the  same  as  if,  instead  of  the 
two  wires  of  the  lengths  m  and  n,  a  single  wire  were  placed 

in  the  circuit  of  a  length  m  n  *     Generally,  if  a  and  b  re- 

m  +  n  J 

présent  the  respective  résistances  of  any  two  conductors 

interposed  parallelly  in  the  circuit,  the  complète  résistance 

of  the  two  conductors  is  the  same  as  that  of  a  single  con- 

ductor  the  résistance  of  which  might  be  expressed  by  q     , 

a-f-A 
The  two  conductors  may  differ  in  their  nature,  their  length, 
nd  their  section,  or  in  thèse  three  circumstances  together. 

•  In  fact,  from  the  law  of  lengths,  by  letting  ?  and  i"  represent  the  inten- 
sities  of  two  partial  currents,  pasainç  respectirelj  bj  the  wires  of  the  length  m 
and  the  length  n,  if  +  il*  being  equaï  to  t,  the5ntensity  of  the  total  current,  wo 
obtaint':  t"-n  :  m;  whence  t"  + 1",  or  t  :  f-n  +  «:  n  ;  whence 

f n__ 

if  +  t*'       *  +  m 
We  obtain  also,  t'  +  i*  or  i  :  f  -  w  :  *;  *  being  the  length  sought  for  ;  whence 


v      .,  x  m  -  -—    x  m  «  — --  ■ 
1 + •  »+«  m+n 
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Only  it  is  necessary  that  they  be  both  metallic  or  both  li- 
quid  ;  for  if  one  is  metallic  and  the  other  liquid,  the  law  is 
not  verified,  on  account  of  the  new  élément  arising  ont 
of  the  résistance  to  passage.  The  following  experiment  of 
Poggendorff's  makes  évident  this  important  exception  to 
the  law.  In  the  axis  of  a  vertical  glass  tube,  he  inserted  a 
platinum  wire  80*5  in.  in  length,  the  résistance  of  which 
viras  the  same  as  that  of  86  in.  of  German  silver  wire.  He 
filled  this  tube  with  diluted  sulphuric  acid,  containing  10  per 
cent,  of  concentrated  acid  ;  and  he  found  that  the  résistance 
of  this  liquid  column,  when  placed  alone  in  the  circuit,  was 
the  same  as  that  of  10  in.  of  German  silver  wire;  and  con- 
séquent y  at  least  8£  times  less  than  that  of  the  platinum 
wire.  By  means  of  a  very  sensitive  galvanometer,  capable 
of  detecting  a  différence  of  £th  of  a  Une  in  the  length  of  the 
platinum  wire,  or  of  the  liquid  column,  he  proved  that  the 
résistance  of  the  platinum  wire,  as  determined  when  it  was 
alone  in  the  tube,  is  not  diminished  when  this  tube  is  filled 
with  the  conducting  liquid  ;  a  proof  that  no  portion  of  the 
current  passes  through  the  liquid,  and  that  consequently, 
although  the  latter  is  a  much  better  conductor  than  the 
wire,  no  division  of  the  current  takes  place  between  it 
and  the  wire,  which  would  hâve  occurred  between  two 
metals  and  even  between  two  liquid  conductors.  We  may  in 
like  manner  prove  that  there  is  no  diffusion  of  current  irom 
the  métal  to  the  liquid,  by  arranging  the  platinum  wire 
through  a  horizontal  vessel  filled  with  an  acid  solution,  and 
by  plunging  into  the  solution,  very  near  to  the  wire,  two 
platinum  plates  in  communication  with  the  extremities  of  a 
very  sensitive  galvanometer.  If  the  current  is  then  passed 
through  the  platinum  wire,  not  the  slightest  effect  is  obtained 
upon  the  galvanometer. 

The  law  that  we  hâve  last  set  forth,  leads  us  to  say  a 
few  words  upon  derived  currents,  to  which  we  shall  fre- 
quently  hâve  occasion  to  direct  our  attention,  the  theory  of 
which  is  a  conséquence  of  this  law.  When,  in  a  closed 
circuit,  we  connect  two  points  of  this  circuit  by  an  additional 
conductor,  we  bring  about  what  is  called  a  dérivation  of  the 
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carrent  The  two  points  of  the  circuit,  from  one  of  which  the 
new  condnctor  is  led  out,  and  to  the  other  of  which  it  returns, 
are  termed  points  of  dérivation  ;  and  the  interval  by  which 
they  are  separated,  the  distance  of  dérivation  ;  the  conductor, 
or  added  wire,  is  the  dérivation  wire  ;  the  portion  of  the 
current  that  passes  by  this  wire  is  termed  the  derived  current; 
that  which  continues  to  pass  by  the  part  of  the  circuit,  com- 
prised  between  the  two  points  of  dérivation,  partial  current  ; 
and,  finally,  we  designate  by  the  name  of  primitive  current 
the  current  as  it  existed  before  the  dérivation  was  made  ;  and 
of  principal  current ,  the  whole  of  the  new  current  necessarily 
more  powerful,  that  traverses  the  entire  circuit,  when  the  dé- 
rivation wire  has  been  added. 

From  the  principles  we  hâve  laid  down,  and  the  laws  we 
hâve  traced  out,  it  is  easy  to  détermine  the  intensities  of  the 
principal  current,  of  the  derived  current,  and  of  the  par- 
tial current,  if  we  know  that  of  the  primitive  current,  the 
reduced  length  of  the  primitive  circuit,  the  distance  of  the 
points  of  dérivation,  and  the  conductibility  or  the  résistance 
of  the  dérivation  wire.  We  shall  defer  to  the  Note  B.  at 
the  end,  the  détermination  of  thèse  intensities,  as  well  as  the 
description  of  the  processes  by  means  of  which  différent 
philosophera,  and  Wheatstone  especially,  hâve  applied  the 
laws  that  regulate  the  properties  of  derived  currents  to  the 
construction  of  apparatus  and  instruments  suitable  for 
determining  with  great  précision,  in  a  multitude  of  cases, 
the  intensity  of  electric  forces.*  We  shall  confine  ourselves 
in  this  place  to  describing  the  apparatus  of  Wheatstone's  that 
is  most  frequently  employed.  This^is  the  g^ggggjj_J[j;  jft 
foundejL-opon  one  of  the  laws,  that  jwe  haw^lrpa^y  laai 
down,  namely,  that  thfi  résistance  to  conductibility  of  an 
homogeneous  wire  is  proportional  to  ite  Jength.  "* 

-^  The  object  to  be  accomplished  by  this  apparatus  of  Wheat^ 
stone's  is,  to  introduce  into  the  circuit  of  the  current,  whose 
intensity  we  are  desirous  of  measuring,  a  wire  the  inter- 
position of  which  produces  a  known  résistance  ;  then  to  vary 

\  the  length  of  this  wire,  by  a  quantity  that  may  be  measured 

*  Vide  Note  B.  at  the  end. 
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with  great  accuracy,  and  without  making  any  change  in  the 
rest  of  the  circuit,  so  as  to  produce  a  résistance  which  shall 
cause  the  carrent  to  corne  back  to  a  given  intensity  that  is 
always  the  same.  This  opération  being  performed  upon 
différent  currents,  gives  immediately  the  relations  existing 
between  their  relative  intensities.  The  great  advantage  it 
présents  is,  that  it  enables  us  to  bring  back  always  to  the 
same  degree  the  indications  of  the  galvanometer  that  is 
placed  in  the  circuit,  by  making  the  résistance  vary  ;  which 
does  away  with  the  necessity  of  our  knowing  the  relations 
that  exist  between  the  déviation  of  the  galvanometer  needle 
and  the  intensity  of  the  corresponding  current,  which  rela- 
tions cannot  easily  be  determined,  and  never  exactly.  We"7 
hâve  only  to  admit  the  self-evident  principle,  that  every  time 
we  obtain  the  same  déviation  with  the  same  galvanometer, 
it  indicates  that  the  intensity  of  the  currents  producing  this 
déviation  is  the  same.  * 

Jacobi  and  Poggendorff  had  also  each  of  them  contrived 
an  apparatus  analogous  to  Wheatstone's,  founded  on  the  same 
principle,  and  accomplishing  the  same  object.  In  Poggén- 
dorff's  apparatus,  the  wire,  whose  length  was  made  to  vary, 
is  of  German  silver  ;  in  Jacobi's,  which  is  termed  by  its  in- 
venter Volta-cufometer,  it  is  of  platinum.  In  Wheatstone's,  the 
wire  is  of  copper  or  of  brass.  Thèse  apparatus  differ  from 
each  other  in  respect  to  the  détails  of  their  construction  :  we 
shall  confine  ourselves  to  a  description  of  Wheatstone's,  the 
employment  of  which  appears  to  us  more  convenient  and  more 
generally  known.  The  author  has  constructed  two  upon  the 
same  principle;  one  for  circuits  in  which  the  résistance  is 
considérable,  the  other  for  those  in  which  it  is  feeble. 

The  former  instrument  (Jig.  181.)  is  at  a;  g  is  a  cy- 
linder  of  wood,  h  a  cylinder  of  brass,  both  of  the  same  dia- 
.  meters,  and  having  their  axes  paralleL  On  the  wooden  cy- 
linder a  spiral  groove  is  eut  ;  and  at  one  of  its  extremities  a 
brass  ring  is  fixed,  to  which  is  attached  one  of  the  ends  of  a 
long  wire  of  very  small  diameter.  When  this  wire  is  coiled 
round  the  wooden  cylinder,  it  fills  the  en  tire  groove  ;  it  is 
fixed  by  its  other  end  to  the  opposite  extremity  of  the  brass 
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cylinder.  Two  springsj  and£,  pressing,  one  against  the  brass 
ring  of  the  wooden  cylinder,  and  the  other  against  the  extre- 
mity  of  the  brass  cylinder  h,  may  be  connected  by  means  of 
two  binding  screws  with  the  wires  of  the  circuit.  The  mov- 
able  handle  m  is  for  turning  the  cylinders  on  their  axes.  When 


Fig.  181. 

it  is  fîtted  on  the  cylinder  h,  and  turned  from  left  to  right,  the 
wire  is  uncoiled  from  the  wooden  cylinder,  and  coiled  upon 
the  brass  cylinder;  but  when  it  is  fitted  to  the  cylinder  g,  and  is 
turned  from  right  to  left,  the  reverse  takes  place.  The  con- 
volutions upon  the  wooden  cylinder  being  insulated  and  kept 
separate  from  each  other  by  the  groove,  the  carrent  passes 
the  entire  length  of  wire  coiled  upon  that  cylinder  ;  but  the 
convolutions  upon  the  brass  cylinder  not  being  insulated,  the 
current  passes  immediately  from  the  point  of  wire  in  contact 
with  the  cylinder  to  the  spring  h  The  effective  part  of  the 
length  of  wire  is  reduced,  therefore,  to  the  variable  portion 
coiled  around  the  wooden  cylinder.  In  the  instrument 
commonly  employed  by  Mr.  Wheatstone,  the  cylinders  are 
6  inches  in  length  by  1£  inch  in  diameter,  the  threads  of 
the  screw  are  forty  to  an  inch,  and  the  wire,  which  is  of  brass, 
is  T5$th  of  an  inch  in  diameter.  The  wire,  as  may  be  per- 
ceived,  is  very  fine  and  a  very  bad  conductor,  so  that  we  are 
thus  enabled  to  introduce  a  greater  résistance  into  the  circuit 
A  scale  measures  the  number  of  convolutions  wound  off,  and 
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divïdes  the  fractions  of  convolutions  by  means  of  an  index, 
fixed  to  the  axis  of  one  of  the  eylinders,  which  traverse  the 
divisions  of  a  graduated  circle.  It  follows  from  this,  that  we 
are  able  to  détermine  the  exact  length  of  the  portion  of  wire 
that  is  introdaced  into  the  circuit,  ai  well  as  the  value  of  the 
variations  that  are  made  in  this  length.  Fig.  181.  shows  the 
arrangement  of  the  apparatus,  when  it  is  in  use  for  an  expé- 
rimenta b  is  a  very  sensitive  galvanometer  with  an  astatic 
needle,  carrying  a  microscope  for  reading  off  the  divisions 
of  the  circle,  which  greatly  facilitâtes  the  observations,  c  is 
a  voltaic  pair,  whose  electro-motive  force  is  to  be  measured. 
D  are  bobbins  of  wire  covered  with  silk,  of  which  one  or 
more  are  introduced  into  the  circuit  in  order  to  increase 
the  résistance.  We  shall  see  in  the  Fifth  Part,  which  is  de* 
voted  to  the  study  of  the  sources  of  electricity,  how  easily 
by  means  of  the  rhéostat  we  may  arrive  at  the  détermination 
of  electro-motive  forces.* 

The  rhéostat  A  {fig.  182.),  which  is  intended  for  circuits 


Fig.  182. 

wherein  the  résistance  is  comparatively  feeble,  is  a  cylinder, 
a,  of  very  dry  wood,  upon  the  surface  of  which  a  helical 
groove  is  eut;  a  thick  copper  wire  is  wound  round  the  cy- 
linder,  filling  the  groove  and  forming  asit  were  the  thread  of 

*  M.  Rumkorff  if  now  constructing,  in  Paris,  rhéostats  in  which  a  grooved 
glass  cylinder  is  nsed  in  place  of  the  wooden  one,  and  which  affords  much 
more  security  in  the  employaient  of  the  instrument. 
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a  screw.  Immediately  over  the  cylinder,  and  parallel  with  its 
axis,  is  placed  a  triangular  bar  of  métal,  b9  carrying  a  rider,  c  ; 
to  this  rider  is  attached  a  spring,  d,  which  is  constantly 
pressing  against  the  spirals  of  the  copper  wire,  yielding  to  ail 
the  little  inequalities.  One  end  of  the  metallic  hélix  is  at- 
tached to  a  brass  ring,  e,  against  which  passes  a  spring  that 
is  in  communication,  by  means  of  a  Connecting  screw,  with 
one  end  of  the  circuit  ;  the  other  end  of  the.  circuit  is  re- 
tained  by  a  similar  screw,  which  is  also  in  metallic  connec- 
tion with  the  triangular  bar  of  métal.  On  tnrning  the 
handle,  b,  the  cylinder  is  rotated  on  its  axis,  in  either  one  or 
other  direction,  and  the  rider,  c,  guided  by  the  copper  wire, 
slides  along  the  bar,  advancing  or  receding  according  as 
the  cylinder  rotâtes  to  the  right  or  to  the  left.  As  the  rider 
cornes  in  contact  with  a  différent  point  of  the  copper  wire,  a 
différent  résistance  is  introduced  into  the  circuit,  consisting 
of  that  portion  alone  of  the  wire  which  is  comprised  between 
the  rider  and  the  end  that  is  in  communication  with  the 
spring.  The  cylinder  of  the  instrument  constructed  by  Mr. 
Wheatstone  is  10£  inches  in  length,  and  3^  inches  in  diameter. 
The  wire  is  of  copper  -j^th  of  an  inch  in  diameter  ;  it  makes 
108  coils  round  the  cylinder,  The  dimensions  of  the  instru- 
ment, as  well  as  that  of  the  wire,  may  be  modified  according 
to  the  limite  of  the  variable  résistance  that  we  propose 
introducing  into  the  circuit,  and  according  to  the  degree  of 
accuracy  with  which  we  purpose  measuring  thèse  variations. 
Wemustnotquit  this  subject  without  addingthatM.  Jacobi, 
who  has  deeply  studied  the  means  of  measuring  electric  cur- 
rents,  has  proposed  to  philosophera  to  reduce  the  instrument 
wherewith  they  are  in  the  habit  of  measuring  résistances  to 
the  same  unit,  which  should  be  the  résistance  of  a  copper  wire 
.1  mètre  (3-28  ft)  in  length,  and  1  millimètre  (-039  in.)  in 
diameter;  but  as  ail  coppers  are  not  identical,  it  would  be 
necessary  to  choose  arbitrarily  any  wire,  and  send  it  from 
one  philosopher  to  another.  M.  Jacobi  has  already  endea- 
voured  to  realise  this.  Perhaps  the  best  method  would  be 
to  employ  mercury  as  the  standard  of  résistance  for  the  con- 
struction of  rhéostats,  or  agometers,  as  M.  Jacobi  calls  them. . 
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Mercury  in  fact  has  the  advantage  of  being  able,  by  means 
of  distillation,  to  be  reduced  to  a  state  of  great  purity,  and 
consequently  to  be  always  identical  with  itself ;  on  account  of 
its  being  liquid,  ît  has  not,  like  wire,  the  inconvenience  of 
possessing  a  variable  molecular  structure.  The  only  further 
précaution — and  this  is  by  no  means  difficult — is  to  give  it 
constantly  the  same  dimensions.  M.  Jacobi  has  moreover 
himself  already  constructed  an  agometer  with  mercury;  and 
he  appears  to  hâve  succeeded  in  measuring  résistances,  by 
means  of  this  apparatus,  with  a  précision  which  permits  of  the 
probable  error  being  diminished  to  the  hundred  thousandth 
part  of  the  total  résistance. 

Electric  Conductibility  of  Solids  and  Liquide. 

We  haveseen  that  there  is  no  perfect  conductor,  but  thatyjl 
ail  bodies  présent  a  greater  or  less  résistance  to  the  propaga-  \  x 
tion  of  electricity.  We  hâve  considered,  as  possessing  what  \ 
we  call  electric  conductibility,  those  bodies  which  afford  to 
electricity  a  propagation  sufficiently  rapid  to  give  rise  to  the 
dynamic  condition,  as  detected  by  the  action  upon  the  mag- 
netised  needle.  Thus,  while  résistance  to  the  propagation  of 
electricity  would  be  a  gênerai  property  of  bodies,  conducti- 
bility, as  we  understand  it,  would  belong  to  only  a  certain 
number  among  them.  This  is  not  saying  that  ail  substances, 
even  the  most  insulating,  are  unable  to  transmit  more  or  less 
electricity;  but  it  requires  for  those  that  we  call  insulators, 
such  as  glass,  the  resins,  gutta-percha,  oils,  atmospherio 
air,  an  electric  source  of  a  very  great  intensity.  And  even 
with  the  most  energetic  source  —  a  flash  of  lightning,  for 
example  —  thèse  substances  do  not  transmit  electricity  under 
the  form  which  constitutes  what  we  hâve  termed  the  dynamic 
state;  but  they  propagate  it  either  too  slowly  to  act  upon  the 
magnetised  needle,  or  too  instantaneously,  by  themselves 
breaking  under  the  action  of  the  discharge,  for  a  current, 
properly  so  called,  to  occur. 

The  research  that  must  for  the  présent  engage  our  attention 
is  confiued  merely  to  bodies  possessed  of  electric  conducti- 
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bility,  such  as  we  hâve  been  definingit.  This  conductibility, 
which,  as  we  hâve  seen,  is  never  absolute,  varies,  as  we  hâve 
demonstrated,  with  the  dimensions  of  bodies;  but  it  varies 
also  with  their  nature,  and  with  différent  physical  circum- 
stances.  Thèse  are  the  influences  that  we  désire  to  examine, 
and  even  to  measure,  so  as  to  give  as  accurate  a  Table  as 
possible  of  the  relative  degrees  of  conductibility  of  différent 
substances,  both  solid  and  liqùid,  as  well  as  the  variations 
that  occur  in  their  conducting  powers  from  changes  in  their 
physical  constitution,  and  especially  in  their  température. 

The  détermination  of  the  spécifie  conductibility  of  différent 
bodies  is  not  a  problem  easy  of  solution.  Its  solution  dépends 
upon  very  délicate  principles,  and  requires  apparatus  pos- 
sessed  at  once  of  a  great  sensibility  and  of  extrême  précision. 
In  order  to  arrive  at  its  solution,  it  would  be  necessary  to 
hâve  a  constant  source  of  electricity,  so  that  the  tension  of  the 
two  electricities  should  remain  in  it  constantly  the  same,  and 
also  to  hâve  an  accurate  means  of  measuring  the  quantity 
of  electricity  that  is  circulating  in  the  dynamic  state,  in  a 
given  time,  through  any  conductor.  Then,  in  order  to  es- 
tablish  a  comparison,  we  should  endeavour  to  obtain  the 
quantity  of  electricity  that  traverses  in  the  unit  of  time  an 
infinitely  thin  section  of  each  body;  and  we  should  divide 
it  by  the  surface  of  the  section,  which  would  give  the  quantity 
of  electricity  that  traverses  in  the  unit  of  time  the  unit  of 
surface. 

The  principle  of  this  method  is  altogether  the  same  as 
that  upon  which  the  process  employed  for  the  détermination 
of  conductibility  for  beat  is  founded.  Now,  if  we  study 
closely  what  takes  place  during  the  propagation  of  electricity 
through  a  conducting  body,  we  find  this  assimilation  per- 
fectly  legitimate,  as  is  proved  by  the  récent  expérimenta 
of  Kohlrausch,  which  we  will  give  briefly. 

The  pôles  of  a  constant  voltaic  pair,  such  as  a  Daniell's 
pair,  are  connected  by  a  very  fine  and  tolerably  long  wire, 
which  is  bent  in  zigzag,  so  that  the  sides  of  the  angles 
formed  by  the  zigzags  shall  be  ail  of  the  same  length.  A  point, 
a,  of  the  conducting  wire  is  placed  in  communication  with 
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the  gronnd  ;  and  then  a  point,  6,  of  the  wire,  taken  at  a 
certain  distance  from  a,  on  the  side  of  the  positive  pôle, 
is  put  into  communication  with  a  sensitive  condenser  ;  and 
after  this  a  point,  6',  taken  at  the  same  distance  from  a, 
but  on  the  side  of  the  négative  pôle.  The  same  tension 
is  obtained  ;  only  that  of  the  point  b  is  positive,  and  that 
of  the  point  W,  négative  :  the  two  tensions  go  on  increasing 
in  proportion  as  the  points  b  and  b'  are  taken  further  from  a. 
If  the  two  pôles  are  united  by  two  wires  of  the  same  nature 
(silver  for  instance),  of  the  same  length,  but  of  différent 
diameters,  and  soldered  end  to  end  so  as  to  form  only 
one  continuous  wire,  the  electric  tension  increases  in  each 
of  the  wires  in  the  same  progression,  setting  out  from  their 
point  of  contact,  which  is  made  to  communicate  with  the 
ground;  only  the  absolute  tensions  in  each  of  the  wires 
are  the  inverse  of  the  sections.  When,  instead  of  two 
wires  of  the  same  nature,  we  take  two  of  différent  natures, 
but  of  the  same  diameter, —  for  instance,  one  wire  of  German 
siher,  and  one  of  copper, — so  that  the  former  présents  a 
great  résistance  to  the  current,  and  the  latter  a  much  less,  it 
is  found  that  the  absolute  intensities  at  the  ends  of  each 
wire  are  proportional  to  their  respective  résistances,  as 
determined  by  means  of  the  rhéostat,  which  we  hâve  de- 
scribed  in  the  preceding  paragraph. 

The  same  résulta  are  obtained  on  making  use  of  a 
liquid  condnctor.  A  trough  full  of  sulphate  of  copper, 
in  which  a  plate  of  copper  is  immersed,  contains  a  porous 
cell,  filled  with  sulphate  of  zinc,  with  a  plate  of  zinc  im- 
mersed. The  two  plates  are  connected  by  a  wire*  The 
trough  is  divided  into  eqnal  parts;  and  we  plunge 
into  the  liquid,  in  différent  places,  two  copper  wires,  the 
one  communicating  with  the  earth,  and  the  other  with  the 
upper  plate  of  the  condenser.  We  find,  as  we  had  done  with 
the  metallic  conductor,  on  either  side  of  the  point  that  is 
in  communication  with  the  earth,  equal  positive  and  négative 
tensions.  We  may  even  prove  in  this  case  (which  we  are 
unable  to  do  with  a  solid  conductor),  that  the  tension  is 
the  same  in   ail  points  of  the  transverse  section;  which 
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confirma  the  law,  that  we  hâve  laid  down  in  the  preceding 
paragraph,  of  the  uniform  distribution  of  dynamic  electricity 
throughout  the  whole  mass  of  a  homogeneous  conductor. 
It  is  necessary  in  thèse  expérimenta,  that  the  wires  which 
are  employed  for  sounding  be  covered  along  their  whole 
length,  except  at  their  very  end,  with  a  varnish  of  gum-lac, 
so  as  to  take  the  electricity  only  at  the  actual  point  with 
which  this  extremity  is  in  contact.  It  follows,  therefbre, 
from  thèse  expérimente  that,  even  in  the  best  conductors, 
the  résistance  to  the  propagation  of  electricity  is  of  such 
magnitude  that,  between  two  consécutive  transverse  sec- 
tions, there  is  a  différence  of  electric  tension,  the  stratum 
nearest  to  the  electric  source  having  a  higher  tension  than 
that  which  is  more  distant.  It  is  this  corresponding  différ- 
ence for  différent  conductors,  at  the  same  distance  between 
two  strata  taken  in  each,  that  Ohm  calls  the  electric  fall  ; 
and  the  preceding  expérimente  show  that  this  fall  is  directly 
proportional  to  the  spécifie  résistance  of  the  inetals  and 
inverseîy  to  their  sections. 

We  may  even  by  means  of  thèse  laws,  and  with  a  simple 
calculation,  détermine  the  electroscopic  state  of  each  point 
of  a  circuit.  Let  «,  for  example,  be  the  electro-motive  force 
put  into  play  in  the  circuit,  l  the  reduced  length  of  the 
circuit,  and  V  the  reduced  length  also  of  the  conductor 
that  séparâtes  a  point  a,  of  the  circuit  from  the  point,  where 
the  electro-motive  force  is  acting  ;  we  obtain  ^  the  electro- 

scopic  state  of  the  point  a,  equal  to,-^«  ;  which  signifies  that, 

in  order  to  obtain  the  tension  of  a  point,  we  must  multiply 
the  electro-motive  force  by  the  relation  that  existe  between 
the  reduced  length  of  the  part  of  the  circuit  confined  between 
the  point  in  question  and  the  point  connected  with  the 
ground,  and  the  reduced  length  of  the  entire  circuit  Ex- 
periment  completely  vérifies  this  formula,  as  M.  Kohlrausch 
lias  further  proved,  by  uniting  the  zinc  and  copper  plates 
of  the  last  experiment  by  a  long  and  very  fine  wire,  bent 
into  a  zigzag.  He  has  determined  the  electric  tension  of  the 
différent  pointe  of  this  wire  and  of  the  solution  of  sulphate 
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of  copper  which  in  this,  as  in  the  precedîng  case,  formed 
part  of  the  circuit.  The  négative  pôle  communicated 
with  the  ground;  and  the  différent  points  tonched  were,  first, 
three  points  taken  on  the  conjunctive  wire  at  increasing 
distanoes  from  the  zinc  plate  or  négative  pôle,  then  the 
point  of  contact  of  the  copper  plate  with  the  conjunctive 
wire,  then  three  points  taken  in  the  sulphate  of  copper,  at 
2*02,  at  4*02,  and  at  8  inches  from  the  same  copper  plate*  The 
following  is  a  Table  of  the  calculated  and  the  observed  tensions, 
placed  opposite  to  the  respective  values  of  the  résistances  or 
the  reduced  lengths,  determined  by  the  rhéostat  for  the  parts 
of  the  circuit  comprised  between  the  négative  pôle  and 
the  point  that  is  tonched  : 


FoIdU  touched. 

Tentions  calculated. 

Tentions  obserred. 

7. 
a.     118-5 

093 

0'85 

b.    237 

1-86 

1*85 

e,     355-5 

2-89 

2-69 

d.    474 

3-73 

3-70 

e.     610-3 

480 

503 

/.     745*3 

586 

5-99 

g.     879 
h.  1014 

6*90 

6  93 

798 

h796 

We  may  therefore  consider  each  transverse  layer  of  an 
homogeneous  conductor  as  charged  with  différent  quantities 
of  electricity  on  its  two  faces,  but  spread  uniformly  on  each 
of  them;  quantities  which,  for  a  constant  electro-motive 
source,  differ  in  proportion  as  the  résistance  of  the  layer 
to  the  propagation  of  electricity  is  greater.  The  déter- 
mination of  this  différence  for  layers  of  the  same  extent, 
belonging  to  conductors  of  a  différent  nature,  would  give 
the  measure  of  their  résistance,  and  consequently  of  their 
çlectric  conductibility.  But  this  process,  which  is  very 
difficult  of  application,  would  not,  after  ail,  be  susceptible 
of  very  rigorous  accuracy,  However,  the  analysis  by 
which  we  hâve  been  led  to  it  enables  us  to  employ  for 
it  another  process  that  is  more  practical  and  more  délicate, 
which  we  will  explain  presently. 
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If  we  compare  the  résulta  that  we  bave  just  obtaîned,  wîth 
the  considérations  that  we  hâve  laid  down,  both  at  the  com- 
mencement of  this  chapter,  as  well  as  previously,  on  the 
manner  in  which  the  propagation  of  electricity  is  brought 
about,  by  the  polarisation  of  consécutive  particles,  we  may 
conclude  from  this  that  the  résistance  to  conductibilitj  is 
notbing  more  than  the  sum  of  the  résistances  opposed  by  the 
successive  particles  to  their  electric  polarisation,  and  to  the 
neutralisation  of  their  contrary  electricities.     Each  particle 
or  physical  molécule  possesses,  as  it  were,  agreater  or  less  coer- 
citive  or  insulating  force,  which  opposes  the  séparation  of  the 
two  electricities  from  each  other.     Then,  when  this  séparation 
has  been  brought  about,  there  exista  a  résistance  to  the  reunion 
of  the  contrary  electricities  of  two  consécutive  particles,  either 
on  accountof  their  greater  or  less  mutual  distance,  or  on  account 
of  the  greater  or  less  constraining  power  of  their  very  nature. 
Now,  in  order  to  there  being  propagation  of  electricity,  it  is 
necessary  that  the  résistance  to  séparation  and  the  résistance 
to  reunion  be  equally  surmounted.     The  former  dépends  on 
the  very  nature  of  the  particles  ;  the  latter  dépends  both  on 
their  nature  and  on  their  mode  of  aggregation.     It  is  by 
taking  account  at  the  same  time  of  thèse  two  very  différent 
éléments,  that  we  are  able  to  explain  that  the  same  exterior 
circumstance — for  example,  the  élévation  of  température — 
may  in  certain  cases  favour,  and  in  other  cases  diminish,  con- 
ductibility,  according  as  it  acts  upon  the  particles  themselves, 
or  upon  their  relative  positions,     The  electric  state  of  the 
particles  of  a  slender  filament  may  be  compared  with  that  of 
a  succession  of  Leyden  jars,  or  rather  of  spangled  panes, 
which  ail  become  charged  mutually  by  induction,  except  the 
first  and  the  last,  which  are  respectively  in  direct  communi- 
cation with  a  source  of  positive  and  with  a  source  of  négative 
electricity.     Having  arrived  at  a  certain  degree  of  tension, 
the  opposite  coatings  of  the  consécutive  jars  or  panes  discharge 
upon  each  other.     There  arises  from  this  a  gênerai  discharge 
of  a  uniform  intensity  throughout  the  System,  and  an  excess 
of  electricity  upon  each  jar  or  pane,  which  increases  onward 
to  the  extrême  panes  ;  an  excess  that  is  positive  for  those 
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which  are  on  the  side  of  the  positive  source,  and  négative  for 
those  which  are  turned  on  the  side  of  the  négative  source* 
The  intensity  of  this  exctess  must  dépend  upon  the  greater  or 
less  degree  of  résistance  that*  the  contrary  electricities  of  the 
opposite  armatures  find  presented  to  their  reunion  ;  and  the 
more  considérable  it  is,  the  less  powerful  is  the  discharge  or 
the  crurent.  This  succession  of  charges  and  discharges, 
which,  in  a  séries  of  Leyden  jars,  requires  a  certain  time  for 
bringing  it  about,  occurs  instantaneously  in  a  séries  of 
particles  ;  and  this  it  is  which  causes  the  current  to  be  con- 
tinuous,  and  the  state  of  tension  of  the  différent  molécules  to 
be  constant,  conformably  with  the  observations  of  M.  Kohl- 
rausch. 

It  is  probable  that  the  effects  of  heat,  of  light,  and  of  the 
physiological  shocks  that  almost  always  attend  upon  the 
transmission  of  dynamic  electricity,  except  in  the  cases  where 
the  résistance  is  very  feeble,  are  intimately  connected  with 
the  two  causes  of  résistance,  that  we  hâve  pointed  out.  With 
regard  to  chemical  décompositions,  they  must  dépend  essen- 
tially  ùpon  the  arrangement  that  the  polarisation  of  the 
particles  brings  about,  in  the  mode  of  grouping  of  the  atoms 
of  which  they  are  composed,  and  in  the  disturbances  that  the 
discharges,  which  follow  polarisation,  introduce  into  this  ar- 
rangement. 

We  ought  to  mention,  that  the  manner  in  which  we  hâve 
been  regarding  electric  conductibility  differs  notably  from 
Mr.  Faraday's  mode  of  viewing  it;  who,  setting  out  from 
the  principle  that  the  space  by  which  the  particles  of  bodies 
are  separated  is  not  a  conductor,  because,  if  itwere  otherwise, 
space  being  everywhere  identical,  ail  bodies  ought  equally  to 
be  conductors,  deduced  from  it  a  conclusion,  that  is  contrary 
to  the  atomic  theory.  In  fact,  regarding  continuity  as  an 
essential  condition  of  electric  conductibility,  and  consequently 
considering  as  indispensable  that  intermolecular  space  is  a 
conductor,  since  it  is  the  only  continuous  part  of  a  body,  he 
had  concluded  that  the  atomic  theory  is  false,  because  it  leads 
us  to  admit  at  the  same  time  that  this  space  must  be  a  con- 
ductor and  that  it  must  not  be  one.     For  our  part,  it  is  to 
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the  molécule  alone  that  we  attribute  the  property  of  being 
more  or  less  conducteous  or  insulating;  conductibility  is 
nothing  more  than  the  resuit  of  the  greater  or  less  facility 
possessed  by  the  consécutive  particles  of  polarising  each 
other  through  the  space  by  which  they  are  separated,  and 
which  is  necessarily  insulating.  We  are  thus  enabled  to 
reconcile,  in  the  raost  satisfactory  manner,  the  phenomena  of 
electric  conductibility  with  the  atomic  theory,  which  is  80 
firmly  established  by  the  study  of  chemical  and  physical 
phenomena. 

After  thèse  preliminary  notions,  which  hâve  appeared  to 
us  indispensable  for  enabling  us  to  acquire  a  just  idea  of 
electric  conductibility,  we  will  pass  on  to  the  description  of 
the  processes  most  fitted  for  determining  accurately  the  con- 
ducting  power  of  différent  solid  and  liqui,d  bodies. 

Priestley,  and  after  him  Harris  and  Riess,  hâve  proposed 
to  détermine  the  conducting  power  of  the  différent  métal?,  by 
making  the  same  electric  discharge  pass  through  rods  or 
wires  of  the  same  diameter  and  the  same  length,  but  of 
différent  natures,  and  deducing  their  relative  conductibility 
from  the  greater  or  less  degree  of  increase  in  température  that 
they  underwent.  Wilkinson  adopted  the  same  method,  but 
by  substituting  an  electric  current  for  the  discharge,  This 
mode  of  détermination  dépends  upon  the  principle  that  the 
degree  of  increase  of  température  communicated  to  a  wire  by 
the  passage  of  a  given  quantity  of  electricity  is  inversely  as  its 
electric  conductibility, — a  principle  which  cannot  be  admitted 
à  priori;  for  it  cannot  be  proved  until  we  hâve  a  direct 
means  of  determining  conductibility;  and,  consequently,  it 
cannot  be  employed  for  the  détermination  of  it 

The  same  objection  is  applicable  to  Christie's  method, 
fonnded  upon  the  principle  that  the  intensity  of  induction 
currents  is  proportional,  ail  other  circumstances  remaining  the 
same,  to  the  conducting  power  of  the  substance,  that  is  the 
subject  of  the  induction.  Faraday  had,  in  fact,  remarked,  at 
the  very  outset  of  his  discovery  of  induction,  that  inducecl 
currents  developed  in  hélices  made  with  wires  of  the  same 
diameter  and  the  same  length,  but  of  différent  natures,  hâve 
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an  intensity  that  is  greater  in  proportion  as  the  conducting 
power  of  the  wires  is  greater.  But  hère,  again,  in  the  em- 
plojment  of  this  method  for  determining  conductibility,  we 
hâve  a  vicious  circle,  which  prevents  our  employing  it  for 
this  purpose. 

Davy  made  use  of  a  more  direct  method,  which  led  him  to 
résulte  that  hâve  been  in  great  part  confirmed  by  more  exact 
methods.  He  took  wires  of  différent  metals,  of  the  same 
length  and  of  the  same  diameter,  and  examined  the  power 
that  was  possessed  by  each  of  them  for  discharging  voltaic 
pairs.  In  order  to  prove  whether  a  wire  entirely  discharged 
several  pairs,  he  added  two  other  silver  wires  to  the  two  pôles 
of  the  pile,  and  made  them  plunge  into  conducting  water, 
which  was  decomposed,  if  ail  the  current  did  not  pass  by  the 
principal  wire  ;  the  absence  of  ail  libération  of  gas  was  the 
sign  that  this  wire  brought  about  the  entire  discharge. 
However,  in  virtue  of  its  tendency  to  distribution,  the  current 
must  always  in  a  certain  proportion  pass  through  the  water  ; 
too  small,  it  is  true,  to  cause  the  décomposition  to  be  sensible. 
Notwithstanding  the  imperfections  of  this  process,  Davy  had 
succeeded  in  establishing  .directly  the  two  gênerai  laws  of 
conductibility,  namely,  that  conducting  powers  are  in  inverse 
ratio  to  the  lengths,  and  in  direct  ratio  to  the  sections  of  the 
wires,  that  conduct  the  electricity. 

M.  Becquerel,  sen.,  was  the  first  to  adopt  a  more  accurate 
process  ;  which  consista  in  employing  the  differential  galva- 
nometer,  and  which  enabled  him  to  guard  against  the  effects 
of  variations  in  the  intensity  of  the  electric  current.  He 
obliged  the  current  to  divide  itself  between  the  two  wires  of 
the  galvanometer  in  such  a  manner,  that  each  of  its  two 
portions  travelled  in  an  inverse  direction,  and  maintained  the 
magnetised  needle  at  zéro,  when  they  were  equal.  By  intro- 
ducing  into  thèse  two  partial  circuits  wires  of  différent  natures, 
and  of  the  same  diameter,  he  was  always  able,  by  shortening 
or  by  lengthening  them,  to  bring  back  the  needle  to  zéro,  and 
thus  to  détermine  what  lengths  of  the  wires  were  équivalent 
in  conductibility.     In  this  manner  he  had  also  verified  the 
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laws  that  Davy  had  already  foond  approximately,  and  had 
determined  the  relative  conductive  powers  of  différent  metals. 

M.  Pouillet  had  more  recently  adopted  an  analogous 
method,  witb  this  différence,  that  he  employed  two  per- 
fectly  equal  sources  of  electricity,  the  currents  of  which 
passed  in  contrary  directions  in  the  two  wires  of  the 
differential  galvanometer  ;  a  platinnm  wire  served  as  the 
standard  wire  ;  with  the  condncting  power  of  which  he  com- 
pared  that  of  the  wire  nnder  examination,  giving  to  it  snch  a 
length  as  rednced  its  carrent  as  mnch  as  the  interposition  of 
the  expérimental  wire  rednced  the  cnrrent  that  was  com- 
pelled  to  traverse  it 

The  numerical  resnlts  obtained  by  M.  Pouillet,  with  regard 
to  the  conducting  powers  of  the  différent  metals,  do  not 
agrée  with  those  of  M.  Becquerel,  which  may  be  traceable 
to  certain  différences  in  molecular  constitution,  and  in  the 
degree  of  purity  of  the  spécimens  snbmitted  to  experiment, — 
circumstances,  which  exercise  a  great  influence  over  electric 
conductibility,  as  was  demonstrated  by  M.  E.  Becquerel,  who 
has  lately  taken  up  this  question,  and  applied  much  accuracy 
to  its  study. 

He  also  employed  the  differential  galvanometer  ;  but  he 
took  care  to  introduce  into  its  construction  the  précaution 
pointed  out  by  Poggendorff  of  twisting  the  two  galvano- 
meter wires  around  each  other,  in  order  that,  if  the  two 
equal  currents  pass  in  an  inverse  direction  in  the  instrument, 
their  action  shall  be  entirely  the  same,  and  that  the  needle 
may  remain  perfectly  at  zéro.  M.  E.  Becquerel  also  made 
use  of  Wheatstone's  rhéostat,  the  wire  of  which,  and  to  which 
the  desired  length  can  be  given,  forms  constantly  part  of  one 
of  the  circuits  of  the  differential  galvanometer,  whilst  the 
wire,  whose  conducting  power  is  in  question,  forms  part  of 
the  other.  The  toothed  wheel  of  the  rhéostat  con tains  108 
divisions,  and  the  tenth  part  of  each  division  can  be  estimated  ; 
so  that  the  circumference  of  one  of  the  spirals  of  the  hélix, 
being  9*27  in.,  the  lengtliening  orshortening  of  the  brass  wire 
of  the  instrument  may  be  measured  to  the  y^^  part  of  9*27  in., 
or  to  about  '008  in.     The  wire  whose  conducting  power  is  the 
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of  inquiry  is  stretched  between  two  clips  of  copper, 
attachée!  to  two  standards,  placed 
at  such  a  distance  apart,  that 
the  length  of  the  wire  is  4*92 
feet  A  very  solid  copper  rod 
is  firmly  fixed  above  the  wire, 
and  parallel  to  its  length  ;  upon 
this  rod,  which  is  graduated,  a 
copper  standard  slides  tightly, 
which  by  the  aid  of  a  screw 
may  be  fixed  in  any  given 
position.  The  upper  extremity 
of  this  standard  is  formed  of  a 
thick  clip,  which  holds  the  wire 
in  one  of  its  points  ;  so  that,  on 
causing  the  standard  to  traverse 
along  the  rod,  any  length  is 
placed  in  the  circuit,  and  is 
measured  with  great  accuracy. 
The  conductibility  of  the  rod, 
in  respect  to  that  of  the  wire,  may 
be  neglected,  in  conséquence  of 
its  great  dimensions.  The  form 
of  the  apparatus,  complète,  is 
given  in  fig.  183.  H  h'  is  the 
differential  galvanometer  ;  F  F7 
the  voltaic  pair  employed  in  the 
experiment;  ee'  the  rhéostat, 
with  its  handle  m,  by  which 
motion  is  communicated  to  the 
two  cylinders,  one  being  of 
copper,  and  the  other  of  wood, 
so  that  the  wire  is  wound  around 
one,  while  it  is  nnwound  from 
the  other  ;  B  b'  the  two  standards 
carrying  the  clips  A  a',  between 
which  the  expérimental  wire  is 
strained  ;  a  b  the  divided  copper 
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rod  ;  and  e  C  the  métal  standard,  which  slides  firmly  along 
this  rod,  80  as  to  place  the  length  C  A  of  the  expérimental 
wire  in  one  of  the  partial  circuits.  The  current,  setting  out 
from  c,  divides  between  the  two  conductors  c  D  and  c  O,  so  that 
the  first  part  passes  throngh  the  wire  of  the  rhéostat  d  d', 
and  thence  goes  on  by  the  conductor  d'  n'  to  traverse  one  of 
the  wires  of  the  gai vanometer  ;  the  second  part  goes 
throngh  the  conductors  o  P,  o  p',  o  f",  to  arrive  hence  by  the 
standard  e  c  at  the  expérimental  wire  £  a,  and  then  to 
travel,  by  means  of  an,  to  the  second  wire  of  the  galva- 
nometer  ;  then  the  two  currents,  after  having  traversed  in 
contrary  directions  the  two  wires  of  the  differential  galvano- 
meter,  unité  at  o,  and  find  there  the  conductor  G  z,  which 
complètes  the  circuit. 

M.  E,  Becquerel  first  verified,  by  means  of  this  apparatus, 
the  law  already  indicated, — that  the  conducting  power  is  in 
inverse  ratio  to  the  length,  and  in  direct  ratio  to  the  section 
of  the  wire. 

A  First  Table  contains  expérimenta  made  at  the  tem- 
pérature of  60°  with  an  iron  wire  0*012  in.  in  diameter, 
and  of  variable  length.  The  first  column  indicates,  by  the 
position  of  the  clip  C  *,  the  variable  lengths  of  the  wire  ;  the 
second,  the  number  of  divisions  of  the  rhéostat  which 
présent  résistances  equal  to  those  of  the  corresponding  lengths 
of  the  iron  wires  ;  the  third,  the  relation  between  thèse  two 
quantities.  Now,  this  relation  being  constant,  it  follows  that 
the  résistance,  brought  about  by  the  introduction  of  the  iron 
wire  into  the  circuit,  increases  just  proportionately  to  the 
length  of  this  wire;  or,  which  cornes  to  the  same  thing,  that 
its  conductibility  is  inversely  as  its  length. 

The  following  is  the  table  :  — 


Position  of  the  clip  C  «,  on  the 

Divisions  of  the  toothed 

Relation  between  the  corre- 

divided rule  or  the  length 

wheelt  or  leugth  of  the 

sponding  lengths  of  the 

of  the  Iron  wiro. 

standard  wir*.j. 

iwd  wlf et. 

0  Cent 

20 

162-6 

813 

40 

325-2 

8  ]3 

60 

485-0 

8-08 

60 

6433 

8-04 

100 

S056 

8*06 
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A  Second  Table  contaîns  the  expérimente  made  with  two 
iron  wires  of  différent  diameters.  For  one  mètre  of  length  a 
résistance  is  obtained,  which  is  represented  in  the  following 
Table:  — 


Résistance  In  dirl. 
•ions  of  tbe 
rhéostat. 

Diameters  of  the 
wire. 

Squares  of  the 
diameters. 

Product  of  the  squares 

of  the  diameters  bjr 

the  résistances. 

157-08 
928-65 

0-7870 
08037 

05322 
00922 

85-717 
85622 

Thus,  tbe  increase  of  résistance,  caused  by  the  introduction 
into  the  circuit  of  an  iron  wire  of  a  certain  length,  is  to  that 
produced  by  the  introduction  of  a  wire  of  the  same  length, 
but  of  a  différent  diameter,  inversely  as  the  squares  of 
the  two  diameters, 

After  thèse  preliminary  experiments  come  those  which 
are  made  with  wires  of  différent  metals,  the  diameters  of 
which  must  be  very  accurately  measured.  But  since  some 
wires,  when  they  come  out  of  the  drawplate,  are  hardened, 
but  not  ail,  and  since  hardenîng  influences  conductibility,  as 
M.  Pouillet  has  observed,  it  is  of  importance  to  anneal  them, 
in  order  that  ail  may  be  as  much  as  possible  in  the  same 
molecular  conditions.  The  différence  in  respect  to  conduc- 
tibility, between  an  annealed  wire  and  the  same  wire  unan- 
nealed  is  really  very  sensible,  as  may  be  seen  by  the  follow- 
ing Table  :  — 


Wires  of  tbe  die» 
meter  ofO.ua. 

Résistances 
unannealed. 

Résistances 
annealed. 

Conducting 
powers  un- 
annealed. 

Conducting 
powers 
annealed. 

Relation  of  con- 
ductibility of 
annealed  and  un- 
annealed métal. 

Pure  silver 
Pure  copper 
Pure  gold   - 
Iron   - 
Platina 

123-509 
119*559 
179-260 
951098 
1435  158 

115-416 
126*222 
176-320 
942046 
1416007 

93-448 
89084 
64-385 
12124 
8042 

100000 

91-439 

65-458 

12-246 

8147 

10701 
10264 
10166 
10101 
10130 

We  should  mention,  that  in  this  Table  the  résistance,  and 
consequently  the  conductibility  of  the  wires,  is  reduced  to 
what  it  would  be  by  snpposing  them  ail  to  be  of  the  same 
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diameter;  we  hâve  also  compared  ail  the  conductibilités  with 
that  of  annealed  silver,  which  is  the  best  conductor  of  ail 

Température,  as  well  as  hardening,  influences  in  a  notable 
manner  the  conductibility  of  metals.  In  order  to  study  this 
influence,  M.  Becquerel  winds  the  wire  that  is  to  be  expe- 
rimented  upon,  around  a  glass  tube  in  such  a  manner,  that 
the  spirals  of  the  hélix  which  it  forms  are  well  insulated 
from  each  other;  he  then  attaches  the  two  ends  to  two  great 
studs  of  copper,  whose  very  good  conductibility  does  not 
sensibly  vary,  in  respect  to  that  of  the  wire  itself,  under  the 
influence  of  the  température  to  which  it  is  exposed.  He 
places  the  tube  mounted  with  its  wire  in  an  oil-bath,  which 
he  gradually  raises  from  0°  to  100°  (32°  to  257°  Fah.),  and 
which  he  in  like  manner  cools  down  from  100°  to  0°;  he 
then  détermines  the  variations  of  conductibility  of  the 
wire  by  means  of  the  rhéostat  This  variation  follows  in  a 
very  regular  manner  in  the  same  métal  that  of  the  tempéra- 
ture, to  which  it  is  in  gênerai  proportional;  but  it  différa 
much  from  one  métal  to  the  other,  and  is  not  in  relation  with 
its  absolute  conductibility.  We  may  discover  this  from  the 
following  Table,  which  contains  the  relative  conducting  powers 
of  différent  metals  at  0°  and  at  100°.  The  order  is  much  the 
same,  except  for  lead  and  platinum,  which  change  places  ;  but 
the  numerical  relations,  which  indicate  their  relative  conducti- 
bility are  notably  altered,  except  for  copper,  cadmium,  and 
zinc. 


Substances. 

Conducting 
powers  at  0°. 

Conducting  powers  at 

100°,  compared  with 

silver  at  OP. 

Relation  of  con- 
ducting powers 
atl00°. 

Pure  silver,  annealed 

100 

71*316 

100 

Pure  copper,  annealed 
Pure  gela,  annealed 

91-519 

64-919 

91*80 

64*960 

48-489 

67-992 

Cadmium 

24-579 

17-506 

24-547 

Zinc       * 

24063 

17-596 

24-673 

Tin 

14014 

8-657 

12139 

Iron,  annealed 

12-350 

8-587 

11-760 

Lead      - 

8-277 

5764 

8-078 

Platinum,  annealed 

7-933 

6-688 

9-378 

Mercury 

1-7387 

1-5749 

2-2083 
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It  Î8  unfortunate  that  M.  E.  Becquerel  has  not  investigated 
tlie  influence  of  élévation  of  température  upon  metals  above 
100°.  Happily  M.  Lenz  has  determined  this  as  high  as  200° 
(480°  Fah.)  The  following  is  the  table  of  the  results 
that  he  obtained: — 


At(P 

AtlOOO 

Ataooo 

Silver    - 

13625 

94-45 

68-72 

Copper  - 

Gold      --.. 

100-00 

7300 

54*82 

79-79 

65-20 

54  49 

Tin         - 

30-84 

20-44 

14-78 

Braes     - 

2933 

24-78 

21-45 

Iron       - 

1774 

10-87 

700 

Lead      - 

1462 

9-61 

6-76 

Platinum        • 

14-16 

10-93 

900 

This  Table,  the  numerical  éléments  of  which  differ  but 
little  from  that  of  M.  Becquerel,  confirms  the  remark  that 
we  hâve  already  made  with  regard  to  the  influence  exercised 
by  température,  not  only  over  the  absolute  conductibility, 
but  also  over  the  relative  conductibility  of  metals.  Thus 
we  see  the  conducting  power  of  gold,  which  at  0°  is  only 
£  of  that  of  copper,  becomes  equal  to  it  at  200°;  brass, 
which  at  0°  is  inferior  to  tin,  becomes  superior  to  it  at  100°, 
and  still  more  so  at  200°;  finally,  platinum,  which  at  0°  is  in- 
ferior to  lead  and  iron,  becomes  superior  to  them  at  100°  and 
at  200°  :  the  most  fusible  and  evidently  the  metals  that  vary 
most  rapidly  in  the  scale  of  conductibility  under  the  influence 
of  an  elevated  température  ;  a  proof  of  the  influence  of  mole- 
cular  constitution  over  this  property  of  bodies. 

Besides  the  solid  substances  that  we  hâve  mentioned,  there 
are  some  others  whose  conducting  power  has  been  determined. 
Still  calling  the  conducting  power  of  copper  100°,  Lenz  found 


Antimony 

Mercury 

Bismuth 


-  8-9 

-  4-7 

-  2-6; 


but  he  does  not  point  out  the  influence  of  élévation  of  tempe- 
rature  upon  the  conductibility  of  thèse  metals. 
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Palladium  is  one  of  the  metals,  concerning  which  the  ex- 
périmenta of  various  philosophera  hâve  given  the  least  con- 
cordant résulta.  Thus,  whilst  Pouillet  found  that  it  is  the 
best  conductor  of  ail  the  metals,  E.  Becquerel  and  Riess 
place  it  after  silver,  copper,  gold,  cadmium,  zinc,  and  tin. 
Thèse  divergences  are  probably  due  to  certain  différences 
in  the  degree  of  purity  of  the  spécimens  submitted  to  experi- 
ment 

The  electric  conductibility  of  carbon  has  never  been  de- 
termîned  with  précision.  This  is  due  to  the  différences  that 
it  présents,  from  diamond,  which  is  completely  insulating,  to 
graphite  and  plumbago,  which  conduct  very  well.  Mr.  Kemp 
bas  pointedout  the  verygreat  influence  of  élévation  of  tempéra- 
ture over  the  conducting  power  of  wood  carbon,  which  it  in- 
creases  considerably.  But  this  influence,  which  is  the  reverse 
of  that  exercised  over  métal,  differs  also  from  it  in  its  being 
permanent;  that  is  to  say,  that  it  is  the  fact  of  having  been 
exposed  to  a  very  high  température  which  renders  wood 
carbon  a  better  conductor.  Thus,  M.  Violette,  in  bis  récent 
researches  on  wood  carbons,  found  that  fragments  of  the  car- 
bon of  elder  wood,  prepared  at  the  température  of  1500°,  are 
better  and  more  equable  conductors  than  the  graphite  that  is 
taken  out  of  gas  retorts.  We  shall,  however,  return  to  this 
subject  when  we  are  describing  the  voltaic  arc,  that  is  ob- 
tained  with  two  carbon  points. 

The  conductibility  of  metals  for  electricity  as  we  said  at  the 
beginning,  is  a  phenomenon  that  is  intimately  related  to  their 
conductibility  for  heat.  We  hâve  a  direct  proof  of  this  in  the 
fact  observed  by  Prof.  Forbes  as  much  as  twenty  years  ago, 
that  the  order  of  the  conductibility  of  metals  is  the  same  for 
heat  as  for  electricity.  The  following  Table  was  drawn  out 
by  MM.  Wiedemann  and  Franz,  as  the  resuit  of  fresh  re- 
searches that  were  made  by  them  upon  the  conducting  power 
of  metals  for  heat,  which  gives  évidence  of  this  relationship 
in  a  remarkable  manner. 
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Names  of  metalfl. 

ConductJbility  for  electricity. 

ConductJbility 
for  beat. 

Blets. 

Becquerel. 

Lenz. 

Silver 

S3T  :    : 

Brass 

Tin  - 

Iron  - 

Lead 

Flatînum   - 

German  silver    - 

Bismuth     - 

100 
66-7 
590 
18-4 
100 
120 
7*0 
105 
5-9 

100 
91-5 
64-9 

*i 

140 

12-35 

8-27 

793 

n 

n 

100 
73-3 
585 
21-5 
226 
13-0 
10-7 
10-3 

1» 
1-9 

100 

73-6 

53*2 

23-6 

14-5 

11-9 

8-5 

64 

63 

1-8 

Fœally,  there  exists  a  great  number  of  minerai  substances 
which  are  able  to  transmit  an  electric  current,  but  whose 
rank  or  numerical  co-efficient  of  conductibility  we  hâve  not 
been  able  to  détermine.  MM.  Henrici  and  Hanemann,  on 
the  one  hand,  and  M.  Wartinan  on  the  other,  hâve  made 
numerous  experiments  on  this  subject  The  latter  philo- 
sopher examined  319  species  of  minerais  ;  252  of  which  he 
found  to  be  insulators,  and  consequently  only  67  conductors. 
The  difficulty  of  reducing  thèse  substances  to  the  same 
dimensions,  and  even  of  givmg  to  them  géométrie  volumes 
susceptible  of  being  exactly  estimated,  renders  it  an  im- 
possibility  to  détermine  their  relations  of  conductibility,  still 
less  the  variations  of  conductibility  which  roay  be  manifested 
in  the  same  minerai,  for  example,  according  as  the  electricity 
is  propagated  in  one  direction  or  the  other.  Moreover, 
there  is  nothing  absolute  m  the  conducting  property;  for 
between  ail  the  minerais,  that  are  the  best  conductors  and 
those  which  are  the  best  insulators,  there  are  ail  the  interme- 
diate  degrees.  We  shall  prove  this  further  on,  in  the  para- 
graph  in  which  we  shall  be  engaged  upon  the  propagation  of 
electricity  in  bodies  that  are  bad  conductors. 

The  détermination  of  the  conducting  power  of  Kquids 
has  been  obtained  by  following  the  same  process  as  for  solids  ; 
we  hâve  merely  to  pay  regard  to  two  circumstances,  which 
do  not  occur  when  operating  upon  solids.  The  first  is  the 
résistance  to  passage,  that  occurs  in  the  transmission  of  the 
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electric  current  at  the  surface  of  contact  of  the  liquid  and 
the  métal  électrodes, — a  résistance  altogether  independent 
of  the  electric  conductibility  properly  so  callecl  of  the  liquid  ; 
the  second  is  the  altération  that  very  rapidly  occurs  to  the 
liquid  that  is  submitted  to  expérimenta  in  conséquence  of 
the  chemical  décomposition  which  it  undergoes.  In  order 
to  obviate  this  latter  inconvenience,  it  is  necessary  to  operate 
as  rapidly  as  possible,  and  to  arrange  the  apparatus  in  such 
a  mariner  that  the  substances  liberated  by  décomposition 
do  not  alter  the  liquid.  With  this  view,  we  endeavour  to 
absorb  them,  if  they  are  gaseous,  by  the  substance  itself 
of  the  électrodes,  when  it  is  possible,  as  with  oxygen;  or 
to  allow  them  to  deposit,  if  they  are  solid,  in  the  portion 
of  the  liquid  which  is  at  the  bottom  of  the  vessel,  and  which 
we  take  care  not  to  include  in  the  circuit 

It  is  a  more  difficult  matter  to  obviate  the  former  incon- 
venience. For  this  purpose,  M.  E.  Becquerel  adopts  a 
process  which  is  merely  a  modification  of  that  proposed  by 
Mr.  Wheatstone,  and  which  we  hâve  employed  in  order  to 
prove  that  with  liquida,  as  well  as  with  solids,  the  résistance 
to  conductibility  is  proportional  to  the  length  of  the  con- 
ducting  column.  But,  instead  of  a  single  tube,  M.  E.  Bec- 
querel employs  two,  so  that  he  may  employ  the  differential 
galvanometer,  as  he  had  done  with  solids  ;  and  in  each  of 
thèse  tubes  are  two  platinum  électrodes,  one  fixed  and  the 
other  movable  like  a  piston,  which  permits  of  the  column 
of  liquid  being  lengthened  or  shortened  at  pleasure. 

The  apparatus  is  represented  in  fig.  184.  a  b  and  a'  b'  are 
two  test  glasses  with  feet,  about  1  \  in.  or  2  in.  in  diameter 
and  11  in.  in  height  They  rest  in  holes  countersunk  in 
a  very  level  base-board  M  N.  Into  thèse  glasses  descend 
two  cylindrical  tubes  a  b,  a'  b\  supported  above  by  corks,  and 
retained  at  1 J  in.  from  the  bottom  of  thèse  same  glasses  ;  they 
hâve  the  same  axes  with  the  glasses.  Thèse  tubes  are 
exactly  *846  in.  in  interior  diameter,  measured  by  the 
weight  of  a  column  of  water  of  a  certain  height  In  thèse 
tubes,  which  are  placed  vertically,  circular  plates  of  platinum 
E  tf  are  able  to  be  moved  upwards  and  downwards  ;    they: 
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are   horizontal,  and  of  a  somewhat  smaller  diameter  than 
that  of  thèse  tubes,  and  attached  to  platinuin  wires  soldered 


Fig,  184. 

into  glass  tubes  P  E,  p'  e'.  Plates  of  différent  metals,  D  ?, 
T>'  V,  according  to  the  experiments,  are  placed  horizontally 
at  the  bottom  of  the  glasses,  at  the  lower  part  of  the  tubes 
ab,  et  V.  Thèse  plates  are  attached  to  wires  of  the  same 
métal,  which  pass  into  tubes  d  c,  d'  o'.  The  tube  ef  is 
attached  to  a  stem  G  F,  communicating  with  a  rack-work, 
so  that  the  dise  E  may  be  raised  or  lowered  by  means  of 
this  rack-work  ;  and  we  are  enabled  by  means  of  the  vernier 
T  to  learn  to  about  7}ïï  in.  or  even  less,  the  amount  of 
variation  in  the  position  of  E  in  the  tube.  The  other  similar 
plate  E7  is  raised  or  lowered  by  means  of  the  tube  F7  e', 
which  passes  tightly  in  the  cork  a'. 

Thèse  arrangements  being  made,  if  we  place  the  liquid  by 
means  of  which  we  propose  operating  in  the  glasses,  and  send 
a  current  between  the  plate  E  and  the  plate  D  L,  by  raising 
or  lowering  E,  we  shall  introduce  into  or  withdraw  from 
the  circuit  a  column  of  liquid  having  the  same  diameter 
as  the  tube  a  6,  and  having  for  length  the  élévation  or 
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lowering  of  the  plate.  The  liquid  comprised  between  the 
glass  and  the  interior  tube  is  not  in  the  circuit  We  bave 
thus  arranged  the  apparatus  in  such  a  manner  that  the 
products  formed  around  the  positive  plate  fall  to  the 
bottom  of  the  glass,  and  do  not  alter  the  conductibility  of 
the  liquid  that  is  placed  within  the  tube  a  b.  The  wires 
c  D,  c'  d'  are  to  be  connected  together  by  being  plunged 
into  a  cup  p9  filled  with  mercury;  and  by  this  means 
they  are  put  in  communication  with  the  positive  pôle  of 
one  or  more  pairs.  The  négative  pôle  is  attached  to  the  point 
G,  at  the  junction  of  the  two  ends  of  the  galvanometer  wire. 
The  two  other  ends  N  and  n'  of  thèse  same  wires  are  attached 
to  the  extremities  8,  s',  which  are  in  communication  with 
the  circular  plates  E,  e';  N  is  directly  attached;  N7  com- 
municates  by  means  of  two  cups  h,  q,  and  by  the  copper 
u  G  F  of  the  rack-work.  We  therefore  perçoive  that  the 
two  circuits  P  </  e'  f'  s',  p  c  e  f  s,  in  which  are  the 
two  liquid  columns  e'  d',  e  d,  takes  the  place  of  the 
circuits  f'  o  C  A  N,  f"  e'  n',  of  fig.  183.,  which  are 
ail  métal.  If  therefore  we  pass  a  current  from  one,  two, 
four,  or  more  pairs,  similar  to  the  pair  F  F7,  of  fig.  183. 
the  current  will  divide  between  the  two  circuits,  the  plates 
E,  e'  being  at  the  top  of  the  tubes;  the  needle  of  the 
galvanometer  will  be  deflected  a  little  to  the  right  or  to 
the  left,  for  the  two  circuits  are  not  at  the  first  trial  identical 
in  conductibility  ;  then,  by  means  of  the  rack-work  o  H,  s 
is  raised  or  lowered  until  the  needle  is  brought  back  to 
zéro.  Generally  speaking,  except  under  particular  cir- 
cumstances,  which  will  be  referred  to  hereafter,  it  will 
remain  there  ;  so  that  by  raising  or  lowering  El™  (y*y  in.), 
the  needle  is  deflected  to  the  right  or  to  the  left  of  zéro. 
When  once  the  zéro  is  attained,  the  two  circuits  are  identical 
in  conductibility  ;  the  copper  wire  v,  that  makes  communi- 
cation between  the  cups  G  and  R,  is  taken  away.  And  in 
its  place  are  substituted  hélices  of  platinum  or  of  copper 
wire  of  a  known  length;  the  needle  of  the  galvanometer 
is  immediately  driven  in  a  direction  which  indicates  that 
the  circuit  p  c  e  F  s  présents  a  résistance  greater  in 
proportion  to  the  wire  that  is  substituted  in  place  of  v. 
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If  we  then  lower  the  plate  b,  witli  the  rack-work  o, 
the  needle  will  retarn  to  zéro;  and  when  it  shall  hâve 
arrived  at  that  point,  and  is  maintained  there,  we  must  notice 
how  far  the  plate  has  descended.  Then  the  length  of  a 
column  of  liquid,  having  for  its  diameter  that  of  the  tube 
a  6,  and  for  its  length  the  course  of  the  plate  e,  will  be 
equal  in  résistance  to  the  wire  placed  between  R  and  Q, 
in  the  place  of  v.  This  résistance  will  be  independent  of 
the  résistance  to  the  passage  irom  liquids  into  solids;  for 
the  sections  are  identical  in  the  two  experiments,  as  in 
Wheatstone's  apparatus,  and  the  currents  are  reduced  to 
an  equality.  Only  in  this  case  we  make  the  variation 
in  the  height  of  the  liquid  column  employed,  in  order  to 
find  the  value  in  résistance  of  the  hélix  placed  on  y;  and 
this  is  the  converse  of  Wheatstone's  process.  It  is  necessary 
to  employ  several  hélices,  according  to  the  liquids  that  are 
made  use  of. 

If  the  liquid  under  examination  contains  a  metallic  sait  that 
is  decomposed  by  the  current,  it  is  then  in  most  cases  essential 
to  employ  for  the  lower  positives  plates  d  l,  d'  i/,  plates 
of  the  same  nature  as  the  métal  in  solution;  for  the  sait 
that  is  decomposed  by  the  current  is  formed  again  at  the 
positive  pôle.  If  this  métal  cannot  be  obtained  in  plates, 
an  oxidisable  métal  must  be  taken;  the  sait  that  is  formed 
remaining  at  the  bottom  of  the  vessel,  does  not  enter  into 
the  tube  a  b9  and  in  the  course  of  the  experiment  does 
not  dérange  the  measure  of  the  conducting  power.  We  must, 
then,  take  care  that  no  libération  of  gas  occurs  upon  D  L 
and  d'  l'.  Since  the  métal  deposites  upon  E  and  e',  there 
is  no  counter  current,  and  the  needle  of  the  galvanometer  is 
retained  at  zéro;  so  that  we  obtain  the  résistance  with  great 
précision. 

If  a  liquid  is  employed  that  is  not  a  solution  of  a  metallic 
sait,  we  must  in  this  case  always  employ  as  positive  plates 
oxidisable  metals,  in  order  to  obviate  the  libération  of  gas 
at  the  bottom  of  the  glass  ;  and  must  operate  with  the  most 
feeble  current  that  we  can  possibly  employ,  so  that  very  little 
gas  may  be  liberated  at  E  and  E/  :  thèse  plates  are  a  little  en- 
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closed,  so  that  the  hydrogen  shall  not  remain  adhering;  but, 
notwithstanding  thèse  précautions,  the  needle  of  the  galva- 
noraeter  is  not  fixed  at  zéro,  it  oscillâtes  a  little  to  the  right  and 
left;  and  we  take  the  position  wherein  the  oscillations  on 
each  side  hâve  the  same  amplitude.  However,  under  thèse 
circumstances  the  error  does  not  exceed  y1^  in  the  length  of 
the  liquid  column.  In  ail  cases  we  must  rcpeat  this  opéra- 
tion many  times,  in  order  to  be  sure  that  we  arrive  at  the 
same  numbers. 

M.  BecquerePs  experiments  were  at  first  directed  to  the 
influence  exercised  upon  the  conductibility  of  différent  saline 
solutions  by  the  greater  or  less  quantity  of  water,  that  is 
contained  in  them  ;  thus,  on  making  use  of  a  hélix  containing 
984  feet  of  platinum  wire,  he  operated  upon  three  solutions 
of  sulphate  of  copper,  and  at  a  température  of  9°m25 
(52*8  Fah.),  the  one  saturated,  the  second  containing  ^  the 
third  \  of  sulphate  in  volume. 

The  following  Table  gives  the  lengths  of  liquid  columns 
for  each  solution  équivalent  to  9*84  feet  of  platinum  wire, 
which  enables  us  to  deduce  their  conducting  powers,  that  of 
silver  being  100,000,000. 


Solutions. 

Sulphate  or  copper 
contained.     . 

Length  of  liquid 
columns. 

Conducting  powers. 

Saturated    - 

Diluted,  so  that  ita 
volume  is  double 

Diluted,  so  that  its 
volume  is  quad- 
ruple 

1 
i 

i 

375  in. 
241 

1-44 

5-42 
347 

208 

M.  Pouillet  had  found  by  Mr.  Wheatstone's  method  a 
resuit  for  sulphate  of  copper  very  near  to  that  of  M.  Bec- 
querel. He  had  obtained  for  this  sait  a  conducting  power 
sixteen  million  of  times  more  feeble  than  that  of  copper. 
Now,  the  conducting  power  of  copper  being  -^  that  of 
silver,  we  see  that  the  number  5*42  obtained  by  Becquerel 
is  very  near  to  that  of  M.  Pouillet. 

Similar   experiments  were  made   by   M.    E.   Becquerel 
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upon  bichloride  of  copper,  nitrate  of  copper,  chloride  of  sodium, 
and  sulphate  of  zinc  at  différent  degrees  of  concentration. 
He  has  remarked  that  in  some  salts,  such  as  nitrate  of  copper, 
and  sulphate  of  zinc,  the  conducting  power  increases  in  pro- 
portion as  the  solution  is  diluted  up  to  a  certain  limit,  at 
which  it  attains  a  maximum;  it  tben  diminishes  again,  so 
that  we  can  obtain  a  very  dilute  solution,  that  has  the  same 
conducting  power  as  a  very  concentrated  solution.  About 
twenty-five  years  ago  I  made  the  same  observation  in  respect 
to  sulphuric  acid,  which  is  a  better  conductor  when  mixed 
with  a  certain  proportion  of  water  than  when  more  concen- 
trated or  more  diluted  ;  and  what  is  very  remarkable  is,  that 
the  best  conducting  solution  of  sulphuric  acid  is  precisely 
that  which  exerts  the  most  active  chemical  action  upon  oxi- 
disable  metals,  such  as  zinc,  iron,  &c.  &c. 

M.  Matteucci  arrived  at  a  similar  resuit  by  means  of  a 
process  that  we  will  describe  at  the  end  of  this  paragraph, 
when  relating  other  expérimenta  of  the  same  philosopher. 
The  folio wing  is  the  Table  of  the  conducting  powers  of  sul- 
phuric acid  in  différent  states  of  density,  taking  as  unity 
the  conducting  power  of  this  acid  at  the  density  of  1*259. 


Dentitlesof  the  acid. 

Conducting  powers. 

1-030 

0-301 

1066 

0-682 

1100 

0-760 

1143 

0-935 

1-259 

1-000 

1340 

0951 

1384 

0-850 

1-482 

0-622 

1667 

0-344 

Ni  trie  and  hydrochloric  acids  hâve  also  each  of  them  a 
maximum  of  conductibility  at  a  certain  state  of  density; 
thus,  according  to  M.  Matteucci,  ni  trie  acid  at  1*315  of 
density  conducts  better  than  that  which  has  a  greater  or 
less  degree  of  density.  Hydrochloric  acid  at  a  density  ôf 
1*186  does  not  conduct  so  well  as  at  1-162  ;  and  conducts 
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better  at  1*114  than  at   1-076.     However,  with  thèse  two 
acids  the  effects  are  less  decided  than  with  snlphoric  acid. 

There  is  therefore  an  évident  relation  between  the  electric 
conductibility  of  liquida  and  their  chemical  properties.  This 
is  a  point  to  which  we  shall  return  when  occupied  with  the 
electro-chemical  décomposition  of  liquida.  The  following, 
however,  is  a  tolerably  accurate  Table  of  the  conducting 
powers  of  certain  liquida  :  — 


Subttanew. 

Dentltim. 

Température. 

Coadoetlng 
power*. 

Pure  ailver  - 

» 

0°00 

100,000,000 

Water     saturated  with 

Bulphate  of  copper 
Water    saturated    with 

11707 

9  25 

5-42 

chloride  of  sodium  at 

9°-50 

91 

13 '40 

31-52 

Water    saturated    with 

nitrate  of  copper     ^  - 

1-6008 

13*00 

89*95 

Water    saturated    with 

Bulphate  of  zinc 

1*4410 

14  40 

5-77 

250  grmg.  of  water,  and 

30  of  iodide  of  potas- 

sium        - 

n 

12*50 

11-20 

220  cent.  cub.  of  water, 

and  20   of   sulphuric 

acid  with  1   atom    of 

water        - 

$9 

19-00 

88-68 

Nitric  acid  of  commerce 

at36° 

M 

13-10 

97-77 

S0  grms.  of  protochlo- 
ride  of  an  timon  y,  120 

cent.  cub.  water,  and 

100  cent.  cub.  hydro- 

chloric  acid 

» 

15-00 

112-01 

We  ahould  notice»  that  the  saturated  solution  of  nitrate  of 
copper»  whendiluted  with  water  so  as  to  occupy  a  double  volume» 
has  a  conducting  power  which  is  almost  double,  17*073  instead 
of  8*995  ;  and  sulphate  of  zinc,  under  the  same  conditions, 
has  a  conducting  power  of  7*13  instead  of  5*77.  This  is  also 
the  maximum  of  conductibilitj  for  thèse  two  saline  solutions. 

The  influence  of  température  is  very  sensible  upon  the  con- 
ducting power  of  liquida  for  electricity  ;  but  this  influence 
hère  exerts  an  action  contrary  to  that  which  it  exercises  over 


Digitized  by 


Google 


chap.  i.  PROPAGATION  OF  ELECTBICITY.  115 

metals;  namely,  élévation  of  température  increases  instead 
of  diminishea  the  conducting  power  of  liquida.  This  fact  had 
been  pointed  out  by  M.  Marianini  in  1826,  who  had  noticed 
that  the  intensity  of  the  carrent  of  a  pair  was  increased  by 
heating  the  liquid  of  this  pair  ;  but  hère  the  effect  was  com- 
plex,  because  it  might  be  equally  well  traced  to  an  increase 
produced  by  heat  in  the  electromotive  action  of  the  metals  of 
the  pair,  as  to  an  increase  in  the  electric  conductibility  of  the 
liquid.  More  recently  MM.  E.  Becquerel  and  Hankel  hâve 
proved  in  a  direct  manner  that  the  élévation  of  température 
does  actually  increase  the  conducting  power  of  liquida.  M.  E. 
Becquerel  for  this  purpose  employed  the  same  means  that  had 
served  him  for  measuring  the  actual  conductibility  of  liquids  ; 
and  the  following  are  the  résulta,  that  he  obtained  with  three 
liquids.  The  conducting  power  of  each  of  them  being  con- 
sidered  as  unity,  the  conductibility  for  an  increase  of  tem- 
pérature of  one  degree  increased  ;  — 

For  saturated  solution  of  sulphate  of  copper    -  -    0*0286 

For  diluted  solution  of  sulphate  of  zinc  -  -    00223 

For  nitric  acid  of  commerce    -  0*0263 

Which  shows  for  each  of  thèse  liquids  an  increase  of  more 
than  T§ïï  of  its  conductibility  for  one  degree  of  élévation  of 
température. 

M.  Hankel's  expérimenta  were  made  according  to  a  method 
very  similar  to  that  of  M.  E.  Becquerel,  by  means  of  a  dif- 
ferential  gai  vanometer  ;  between  the  two  wires  of  which  a 
current,  produced  by  two  or  three  pairs  of  Daniell's,  is  so 
dividedas  to  traverse  them  in  opposite  directions.  In  the  circuit 
of  one  of  the  wires  was  included  the  liquid,  that  is  the  subject 
of  the  experiment,  placed  in  a  U  tube;  and  in  the  circuit  of 
the  other  hélices  of  iron  wire,  the  résistance  of  which  was 
exactly  known,  and  the  lengths  of  which  were  varied  until 
they  presented  a  résistance  equal  to  that  of  the  liquid  column, 
which  occurred  when  the  needle  remained  at  0°  at  the 
moment  when  the  entire  circuit  was  closed.  M.  Hankel 
took  the  précaution  never  to  allow  the  current  to  pass  for 
more  than  a  very  short  instant  ;  so  that  he  might  prevent  the 
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polarisation  of  the  électrodes,  and  also  the  élévation  of  tem- 
pérature, that  arises  from  the  passage  of  the  current,  from  in- 
troducing  disturbances  into  the  results.  He  found  by  this 
method,  that  the  conductibility  of  a  concentrated  solution 
of  salphate  of  copper  increases  on  being  heated  from  0° 
to  83°,  about  in  the  relation  of  1  to  3*6;  that  of  a 
concentrated  solution  of  nitrate  of  copper  in  the  relation 
of  1  to  3;  that  of  a  concentrated  solution  of  sulphate  of 
zinc  in  the  relation  of  1  to  5 '7.  Thèse  results  are  notably 
more  considérable  than  those  obtained  by  M.  E.  Becquerel, 
as  may  be  easily  proved  by  multiplying  the  latter  by  83,  the 
number  of  degrees  between  which  M.  Hankel  operated. 
This  différence  is  probably  due  to  M.  Hankel's  employing  for 
électrodes  plates  of  copper  in  solutions  of  copper,  and  of  zinc 
in  solutions  of  zinc,  instead  of  platinum  wires,  as  M.  E. 
Becquerel  had  done.  It  followed  from  this,  that  the  action  of 
heat  influenced  the  intensity  of  the  transmitted  current  ;  not 
only  by  increasing  the  conductibility  of  the  liquid,  but  by 
facilitating  the  passage  of  the  electricity  by  means  of  the 
solution  of  the  plates  in  this  liquid  ;  the  effect  was  therefore 
complex,  which  proves  that  M.  Becquerel's  results  represent 
better  the  spécial  influence  of  température,  over  the  con- 
ductibility proper  of  the  liquid. 

In  thèse  phenomena  the  influence  of  the  électrodes,  that 
is,  of  the  metals  by  which  the  current  is  transmitted  into  the 
liquid,  is  indeed  very  great  ;  so  that,  as  I  hâve  remarked,  we 
hâve  merely  to  heat  powerfully  a  platinum  électrode,  without 
sensibly  raising-  the  température  of  the  liquid,  in  order  to  fa- 
cilitate  in  a  very  notable  manner  the  transmission  of  a  current, 
and  to  raise,  for  instance,  its  intensity,  as  shown  by  a  galvano- 
meter,  from  12°  to  30°;  but  what  is  very  curious  is,  that  this 
resuit  is  obtained  only  when  the  heated  électrode  is  the  né- 
gative one  ;  the  heating  of  the  positive  électrode  has  no  influ- 
ence. This  effect  is  due,  as  we  shall  see,  to  a  chemical  action 
facilitated  by  heat,  that  destroys  the  polarisation  of  the 
électrode;  which  polarisation  contributes  to  diminish  the 
intensity  of  the  transmitted  current. 

M.  Vorselmann  de  Heer,  after  having  confirmed  the  results 
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that  I  had  obtained,  showed  that  we  hâve  merely  to  move 
violently  the  négative  électrode  in  order  to  make  a  current 
rise  from  34°  to  40°  ;  whilst  the  moving  of  the  positive  élec- 
trode scarcely  produces  any  change  in  the  force  of  the  current. 
Thèse  eflects,  as  M.  Beetz  has  very  well  demonstrated,  are 
due  to  either  the  action  of  heat,  or  the  mère  mechanical 
motion  destroying  in  certain  cases  the  polarisation  of  the 
électrodes/  which  contributes  to  diminish  the  intensity  of  the 
transmitted  current  We  shall  return  to  this  important  point 
when  we  hâve  studied  the  cause  of  the  polarisation  of  the 
électrodes,  which  is  the  déposition  upon  their  surface  of  élé- 
ments arising  from  the  chemical  décomposition  of  the  liquids. 

Heat  exercises  another  kind  of  influence  over  the  con- 
ductibility  of  bodies  ;  it  is  to  convert  into  conductors,  by 
.making  them  pass  into  a  liquid  state,  a  considérable  number 
of  compound  bodies  which  in  their  solid  state  were  incapable 
of  transmitting  a  current,  or  transmitted  it  in  a  very  imper- 
fect  manner.     This  important  discovery  is  due  to  Faraday. 

The  following  is  the  list  of  the  principal  substances,  that 
he  has  found  susceptible  of  becoming  conductors,  when  they 
are  liquefied  by  heat  from  being  insulators,  when  in  a  solid 
state. 

lst.  Ice,  or  congealed  water. 

2nd.  Among  oxides,  that  of  potassium,  the  protoxide  of 
lead  and  that  of  antimony,  the  oxide  of  bismuth,  and  glass 
of  antimony. 

3rd.  The  chlorides  of  potassium,  of  sodium,  of  barium,  of 
strontium,  of  magnésium,  of  manganèse,  of  zinc,  of  lead,  of 
antimony,  of  silver,  and  the  protochlorides  of  tin  and  copper. 

4th.  The  iodides  of  potassium,  of  zinc,  of  lead,  the  proti- 
odide  of  tin,  and  the  periodide  of  mercury. 

5th.  The  sulphurets  of  potassium  and  of  antimony. 

6th.  The  chlorate  of  potash,  many  nitrates,  sulphates, 
&c,  &c. 

Among  the  bodies  in  which  igneous  fusion  does  not 
develope  conducting  power  we  may  mention,  besides  sulphur, 
phosphorus,  camphor,  &c,  the  periodide  of  tin,  the  sulphurets 
of  arsenic  (orpiment  and  realgar),  &c.  Melted  glass,  especially 
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flint-glass,  becomes  a  conductor  when  raised  to  a  high 
température. 

What  is  very  remarkable  is,  that  the  mère  softening  of  a 
body  by  heat  is  not  sufficient,  in  gênerai,  except  in  certain 
exceptional  cases,  to  render  it  a  conductor  ;  it  is  necessary 
for  it  to  become  completely  liquid  ;  which  would  prove  that 
the  effect  is  less  due  to  the  élévation  of  température  than  to 
the  liquéfaction  of  the  body.  Mr.  Faraday  observed  this, 
particularly  with  borate  of  lead. 

We  need  scarcely  state  that  Faraday,  in  ail  his  experi- 
ments,  determined  conductibility  by  the  faculty,  either 
possessed  or  acquired  by  a  body,  of  transmitting  a  current 
capable  of  acting  upon  the  magnetised  needle,  or  of  producing 
décomposition.  We  shall  see  in  the  following  paragraph, 
that  in  respect  to  imperfect  conductors,  in  which  the  pro- 
pagation of  electricity  occurs  slowly,  the  mode  of  observation 
is  différent. 

It  is  probable  that  this  effect  of  heat  is  due  to  the  circum- 
stance,  that  the  transmission  of  the  current  cannot  take  place 
in  compound  bodies  unless  they  are  at  the  same  time  decom- 
posed;  and  that  décomposition  itself  can  be  effected  only 
while  they  are  liquid.  However,  Faraday  thought  he 
had  found  some  bodies — such,  for  example,  as  periodide  of 
mercury,  —  which,  although  insulating  when  solid,  become 
conductors  when  they  are  liquid,  without  undergoing,  in 
appearance  at  least,  any  sensible  décomposition.  He  also 
found  that  sulphuret  of  silver  and  fluoride  of  lead,  which  at 
the  ordinary  température  are  insulators,  become  conductors 
by  the  mère  élévation  of  température,  without  the  necessity 
of  passing  into  the  liquid  state.  When  once  melted,  they 
conduct  electricity  as  well  as  metals  do,  and  do  not  appear 
to  undergo  décomposition.  When  they  become  solid  again, 
and  hâve  been  brought  back  to  their  original  température, 
they  again  become  insulators  ;  which  seems  to  prove  that  their 
chemical  nature  has  not  been  altered  by  heat  Glass  also 
exhibits  the  same  conditions.  However,  it  is  still  a  contro- 
verted  question,  which  will  be  discussed  in  the  Chapter  on 
electro-chemical  décompositions,  namely,  whether  a  compound 
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body  is  able  to  conduct  electricity,  if  not  entirely,  at  least  in 
part,  after  the  manner  of  simple  bodies,  without  undergoing 
décomposition. 

Then,  also,  we  shall  study  the  influence  of  water,  which, 
althougb  a  very  bad  conductor  in  itself,  is  able  in  certain 
cases  to  convert  into  conductors,  by  admixture  with  them, 
not  only  the  solid  bodies  that  it  dissolves,  but  liquids  which 
are  very  insulating,  such  as  bromine,  melted  iodine,  and 
liquefied  chlorine.  There  is  evidently  in  this  action  of  water, 
as  well  as  in  that  of  igneous  liquéfaction,  a  facility  supplied 
for  electro-chemical  décomposition,  and,  consequently,  more 
a  chemical  than  a  physical  effect,  Moreover,  without  now 
insisting  upon  this  subject,  I  may  find  a  proof  of  it  in  the 
observation  that  I  had  made  in  1837,  and  which  M.  E.  Bec- 
querel has  confirmed,  as  we  hâve  already  seen  above,  that 
mercury,  althougb  liquîd,  loses  by  heating  a  notable  part  of  its 
conductingpower  ;  contrary  to  what  happens  with  ail  liquids, 
which,  instead  of  being  simple  bodies,  are  compound  sub- 
stances. 

Before  terminating,  we  will  again  mention  the  important 
résulta  obtained  by  M.  Matteucci,  who  has  submitted  to  expe- 
riment  a  great  number  of  combinations,  which  he  was  enabled 
to  obtain  in  a  state  of  purity,  and  which  satisfied  the  double 
condition  of  being  anhydrous  and  fusible.  A  voltameter 
was  placed  in  the  principal  circuit,  which  was  subdivided 
into  two  ;  one  containing  a  second  voltameter  similar  to  the 
first,  the  other  the  compound  substance  in  a  state  of  igneous 
fusion.  If  the  indication  of  the  second  voltameter  was  the 
same  as  that  of  the  first,  it  was  a  proof  that  the  melted 
substance  was  not  conducteous;  if,  on  the  contrary,  this 
indication  was  less  or  null,  it  might  be  concluded  that  a 
portion  or  the  whole  of  the  current  passed  through  the  body 
that  was  the  subject  of  the  expérimenta  It  is  by  this  pro- 
cess  that  M.  Matteucci  had  obtained  the  résulta  that  we  hâve 
related  above,  on  the  conducting  powers  of  acids  at  various 
degrees  of  concentration.  In  a  state  of  fusion,  the  protoxide 
and  the  iodide  of  lead,  the  chloride  of  silver,  the  protochloride 
of  copper,  the  sulphurets  of  antimony,  and  of  potassium,  the 
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nitrates  of  potash  and  of  silver,  conducted  the  whole  of  the 
current,  and  do  not  allow  of  an  y  portion  passing  through  the 
voltameter;  then,  in  their  order  of  conductibility,  corne  chlo- 
ride  of  lead,  iodide  of  potassium,  the  chlorides  of  sodium,  of 
calcium,  and  of  zinc,  the  bi-iodide  and  the  protochloride  of 
mercury,  the  chloride  of  antimony,  and  the  protochloride  of 
tin.  The  bichlcrides  of  tin  and  of  antimony  caused  the 
current  to  pass  entirely  in  ko  the  secondary  voltameter. 
Aqueous  solutions  of  thèse  combinations,  in  as  concentrated 
a  state  as  possible,  were  then  compared  with  the  same  bodies 
in  the  state  of  igneous  fusion  ;  and  it  was  found  that  ail  the 
current  passed  into  the  melted  combination,  even  when  the 
solution  was  heated.  However,  there  is  a  very  évident 
relation  between  the  conductibility  of  a  solution  and  that 
possessed  by  the  body,  that  had  been  dissolved,  when  in  the 
state  of  fusion;  then,  in  order  that  two  aqueous  solutions 
shall  hâve  the  same  conductibility,  it  is  necessary  that  the 
one  whose  compound  when  in  a  state  of  fusion  is  the  worse 
conductor,  should  be  more  concentrated.  This  conséquence 
seems  clearly  to  prove,  that  in  the  aqueous  solutions  of  certain 
compound  bodies,  whose  conductibility  when  in  a  state  of 
fusion  is  great,  the  current  is  conducted  by  the  dissolved 
body,  and  that  the  only  function  of  the  water,  like  that  of 
heat,  is  to  impart  to  it  the  liquid  state  essential  to  electro- 
chemical  décomposition. 

Another  very  important  observation  of  M.  Matteucci's  is, 
that  certain  bodies,  which  do  not  conduct  when  in  a  state  of 
fusion,  such  as  the  bichlorides  that  we  hâve  mentioned  above, 
acquire  this  property  when  they  are  dissolved  in  water  ;  pro- 
bably  because  the  présence  of  water  facilitâtes  their  décom- 
position. In  like  manner  the  chlorides  of  antimony,  and  the 
protochloride  of  tin,  which  are  very  bad  conductcrs  when  in 
a  state  of  igneous  fusion,  are  much  better  when  they  form  in 
water  very  concentrated  solutions.  It  is  évident  that  in  ail 
thèse  phenomena  there  are  secondary  chemical  actions,  which 
the  passage  of  the  current  brings  about  and  facilitâtes,  and 
which  cause  thèse  effects  to  be.very  complex. 

We  may,  therefore,  sum  up  this  paragraph  by  saying  ;.  lst, 
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That  metals  and  carbon  hâve  a  conductibility  proper,  which 
varies  with  their  nature  and  with  their  molecular  state  ;  2nd, 
That  élévation*  of  température  diminishes  in  ail  of  them  their 
condncting  power,  in  a  proportion  which  is  variable  for  each 
with  their  nature  and  their  molecular  condition  ;  3rd,  That 
solid  compound  bodies,  which  are  insulators  at  the  ordinary 
température,  become  conductors  on  being  heated,  but  that 
the  greater  number  acquire  this  property  only  when  they 
are  heated  sufficiently  to  pass  into  the  liquid  state;  4th, 
That  for  aqueoùs  solutions,  the  conducting  power  varies 
with  their  degree  of  concentration,  the  most  concentrated 
being  generally,  unless  in  certain  «xceptional  cases,  the  best 
conductors,  and  that  this  power  generally  increases  with  the 
élévation  of  température;  5th,  That  the  différences  which 
exist  between  simple  and  compound  bodies,  as  far  as  the  in- 
fluence of  heat  is  concerned,  seems  to  indicate  that  their  con- 
ductibility, or  what  cornes  to  the  same  thing,  their  mode  of 
propagating  electricity,  is  not  completely  identical,  which  is 
due  probably  to  the  circumstance  that  in  compound  bodies 
the  transmission  of  the  electric  current  is  either  always  ac- 
companied  by  a  molecular  change,  or  more  frequently,  if  not 
always,  by  a  chemical  décomposition  ;  6th,  It  follows  from 
this  last  circumstance,  that  the  subject  of  the  electric  con- 
ductibility of  compound  bodies  cannot  be  completely  dis- 
cussed,  except  by  studying  electro-chemical  décompositions, 
which  form  the  subject  of  a  distinct  Chapter  in  this  Fourth 
Part. 

Propagation  of   Electricity   in  Imperfect  Solid  and  Liquid 

Conductors. 

When  in  the  First  Part  of  this  Treatise  we  gave  the  list  of 
conducting  and  insulating  bodies*,  we  were  careful  to  remark 
that  conductibility  is  not  an  absolute  property  ;  namely,  that 
we  cannot  class  bodies  into  two  catégories,  one  of  which 
shall  consist  of  perfect  conductors,  and  the  other  of  perfect 
insulators.     We  hâve  been  engaged  in  the  preceding  para- 
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graph  with  those  which  are  sufficiently  good  conductors  to  be 
able  to  transmit  voltaic  electricity  in  a  continuous  and  rapid 
manner  ;  a  property  that  is  made  manifest  by'  the  dynamic 
effects  of  the  carrent  We  will  now  go  on  in  this  paragraph 
to  study  the  propagation  of  electricity  in  bodies  of  which 
several  are  regarded  as  insulators,  or  which  at  least  conduct 
electricity  too  imperfectly  to  be  able,  unless  under  certain 
exceptional  circumstances,  to  transmit  a  carrent  properly  so 
called. 

Priestley  had  long  ago  remarked  that  ice,  glass  when  heated 
or  when  pounded,  the  flame  of  a  candie,  and  a  great  nnmber 
of  minerai  substances,  are -able  to  transmit  the  discharge  of  a 
Leyden  jar,  or  even  that  of  the  charged  conductor  of  an 
electrical  machine.  Coulomb,  in  his  admirable  works  on  the 
slow  loss  of  electricity,  was  satisfied  that  cylinders  made  of 
substances  apparently  the  best  insulators,  such  as  glass, 
sealing-wax,  and  gum-lac  itself,  transmit  difficultly  it  is  true, 
but  in  a  sensible  manner,  the  electricity  accumulated  upon  the 
conductor  of  an  electrical  machine  with  which  they  are  placed 
in  contact  by  one  of  their  extremities.  This  may  be  proved 
either  by  the  loss  of  electricity  suffered  by  the  conductor,  or 
by  the  electric  action  that  thèse  insulating  substances  become 
capable  of  exerting,  which  proves  that  they  are  impregnated 
with  electricity.  However,  Coulomb  fouhd,  that  when  the 
intensity  of  the  electricity  is  not  very  strong,  a  thread  of 
gum-lac  of  2lj  in.  in  diameter  about  2  in.  in  length  is  sufficient 
to  insulate  completely  a  cork  bail  £  in.  in  diameter.  But,  as 
we  see,  this  insulating  property  is  not  absolute  ;  for  Coulomb 
himself  observed,  that  the  degree  of  electric  reaction  at  which 
very  fine  cylindricai  supports  commence  to  insulate  is,  from 
the  same  state  of  the  air,  proportional  to  the  square  root  of 
their  length.  In  order  to  ascertain  the  permeability  of  ail 
substances  that  transmit  electricity  imperfectly,  it  is  necessary 
to  détermine  the  intensity  of  the  electric  reaction  at  which 
insulation  commences  for  threads  of  the  same  length  and  the 
same  diameter,  but  of  différent  natures.  By  this  means 
Coulomb  found  that  the  value  of  this  reaction  is  ten  times 
greater  for  a  thread  of  gum-lac  than  for  one  of  silk. 
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Riess  has  submitted  to  experiment  a  certain  number  of  sub- 
stances, in  order  to  détermine  whether  they  are  conductors  or 
not.  By  conductor  he  designated  a  body  that  instantaneously 
takes  away  the  electricity  from  a  cbarged  electroscope  with 
which  it  is  put  into  contact  ;  by  imperfect  conductor,  that 
which  does  not  carry  it  away  until  after  an  interval  of  several 
seconds;  and  by  non-conductors,  that  which  at  the  end  of 
some  minâtes  has  not  in  a  sensible  manner  modified  the  di- 
vergence of  the  gold-leaves  of  the  instrument.  The  last  dis- 
tinction is  rather  arbitrary.  He  has  thus  found  that  a  cylinder 
of  sélénium  three  or  four-tenths  of  an  inch  in  diameter,  and  £ 
in.  or  1  in.  in  length,  instantly  carried  off  the  electricity  of  an 
electroscope  with  which  it  was  placed  in  contact  ;  but  that 
when  drawn  into  a  fine  wire  by  the  flame  of  a  lamp,  it  was  as 
good  an  insulator  as  a  thread  of  gum-lac.  Sélénium  belongs 
therefore  to  non-conducting  bodies,  and  friction  easily  renders 
it  electrical,  provided  its  surface  be  very  smooth.  Iodine  is 
an  imperfect  conductor;  cylinders  £  an  inch  in  diameter, 
and  of  various  lengths,  discharge  an  electroscope  in  a  second, 
but  cannot  transmit  a  voltaic  current.  Aluminium  and 
béryllium  in  powder,  rammed  into  glass  tubes  terminated  by 
métal  points,  very  quickly  discharge  electricity  from  the 
electroscope  ;  but  Riess  satisfactorily  proved  that  thèse  two 
substances  owe  this  property  merely  to  the  présence  of  con- 
densed  water;  for  by  drying  them  for  half  an  hour  in 
porcelain  crucibles  at  the  température  of  212°,  they  become 
non- conductors.  Béryllium  is  even  so  good  an  insulator,  that 
alayer  ofless  than  ?Vm'  in  thickness  does  not  alter  the  di- 
vergence of  the  electroscope  ;  with  aluminium,  in  order  to 
obtain  the  same  resuit,  it  is  necessary  that  the  layer  be  at 
least  £  in.  thick.* 

This  last  observation  shows  how  difficult  it  is,  when  ex- 
perimenting  with  bodies  which  are  only  imperfect  conductors, 
to  avoid  the  différent  causes,  that  may  lead   to   erroneous 


*  M.  Deville  has  found  that  aluminium,  to  which  he  has  succeeded  in  giving 
the  consistency  of  the  ordinaiy  metals,  is  an  excellent  conductor  of  electricity» 
and  almost  as  good  as  silver.  It  is  probable  that  its  imperfect  conductibility  was 
due  to  the  particular  condition  in  which  it  occurred  in  M.  Riess's  expérimenta 
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results.  M.  Earsten  points  out  one  that  is  also  calculated 
to  explain  tbe  contradictory  conclusions  to  which  many 
philosophers  hâve  arrived  who  hâve  been  engaged  upon  this 
subject  ;  it  is  tbe  différent  manner  of  preparing  the  bodies 
that  are  the  subject  of  experiment  Thus,  being  désirons  of 
determining  the  condùcting  power  of  the  sulphurets  of  the 
différent  metals,  he  remarked  that  sulphuret  of  antimony  in 
the  state  of  powder  is  a  perfect  conductor  ;  whilst,  when  it 
has  been  melted  and  cooled  in  a  mould,  it  becomes  an  in- 
sulator.  It  is  true  that  it  is  then  covered  with  a  vitrified 
film,  which  envelopes  a  crystalline  core;  whilst,  when  the 
cooling  occurs  very  slowly,  the  whole  mass  acquires  the 
crystalline  texture,  and  comports  itself  as  a  conductor.  But, 
on  the  ôther  hand,  sulphuret  of  antimony  produced  by  the 
moist  process  is  a  perfect  insulator.  It  is  the  same  with  the 
sulphurets  of  cadmium  and  of  zinc  ;  but  prepared  by  the  dry 
process  they  are  conductors.  The  sulphurets  of  tin,  copper, 
lead,  bismuth,  and  iron  are  always  conductors,  by  whatever 
process  they  may  bave  been  prepared  ;  the  black  sulphuret 
of  mercury  is  a  good  conductor,  whilst  cinnabar  conducts  very 
feebly  ;  finally,  the  sulphurets  of  gold  and  of  silver  prepared 
by  the  moist  process  are  conductors. 

There  also  exist  certain  liqnids  which,  although  regarded 
as  insulators,  are  in  fact  nothing  less  than  imperfect  con- 
ductors ;  such,  for  example,  are  the  différent  kinds  of  oils, 
which  in  this  respect  présent  among  themselves  very  remark- 
able  différentes.  M.  Rousseau,  who  was  the  first  to  observe 
thèse  différences,  used  for  this  purpose  an  apparatus  of  his 
own  invention  ;  which  consists  of  a  horizontal  needle  movable 
on  a  pivot,  by  means  of  which  communication  may  be  made 
with  one  of  the  pôles  of  a  dry  pile,  while  one  of  its  ends  is 
very  near  to  a  fixed  bail  communicating  also  with  the  same 
pôle.*  If  communication  is  made  by  a  body  that  is  more 
or  less  a  conductor,  the  needle  is  driven  from  its  normal 


*  For  his  morable  needle  M.  Rousseau  employs  a  mqgnetised  needle,  so 
that  it  might  always  return  to  the  same  position  when  no  action  was  occurring  ; 
but  an  unmagnetised  needle,  one  of  copper,  for  instance,  accomplishes  the 
object  equally  well,  and  gires  a  more  sensible  resuit. 
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position;  after  having  accomplished  a  few  oscillations,  it 
assumes  a  position  of  equilibrium  that  is  dépendent  on  the 
force  of  the  pile,  which  may  be  considered  as  being  constant 
for  the  same  pile  for  a  long  time.  Now,  in  order  to  employ 
this  apparatus  for  investigating  différent  degrees  of  con- 
ductibilité we  hâve  merely  to  place  in  the  course  that  must 
be  traversed  by  the  electric  fluid  the  différent  bodies  which 
we  propose  subjecting  to  expérimenta  with  the  précaution  of 
arranging  that  the  thickness  to  be  traversed  by  the  electricity 
shall  be  always  equal;  if  the  passage  of  the  quantity  of 
electricity  necessary  for  producing  the  greatest  déviation  is 
not  instantaneous,  the  time  that  will  be  required  by  the 
needle  in  order  to  arrive  at  its  stable  position  may  be  taken 
as  the  measure  of  the  degree  of  conductibility  of  the  compound 
substance.  In  order  to  submit  liquids  to  this  kind  of  test, 
M.  Rousseau  places  them  in  small  métal  vessels,  which 
communicate  by  their  foot  with  the  needle  and  the  bail  ;  then 
he  plunges  into  the  liquid  one  end  of  a  wire,"  partly  covered 
with  gum-lac,  in  order  that  the  same  surface  of  métal  may 
always  be  in  contact  with  the  liquid  ;  he  then  measures  the 
duration  of  the  movement  of  the  needle,  setting  ont  from  the 
moment  when  communication  is  established  by  the  other  end 
of  the  wire  with  one  of  the  pôles  of  the  pile,  whilst  the  other 
pôle  is  in  communication  with  the  ground. 

In  operating  with  différent  oils,  M.  Rousseau  observed 
this  very  curious  fact,  that  olive  oil  possesses  very  inferior 
conductibility  to  that  of  ail  other  vegetable  or  animal  oils. 
Thus,  in  order  to  produce  a  certain  déviation,  everything 
being  similar  in  other  respects,  it  required  4C  for  olive  oil, 
and  only  27"  for  oil  of  poppies.  By  merely  adding  to  olive 
oil  a  hundredth  part  only  of  another  species  of  oil,  the  term 
required  for  producing  the  same  effect  was  reduced  from  4CK 
to  10\  Solid  fats  do  not  conduct  so  well  as  animal  oils; 
which  is  due,  as  may  be  proved  in  a  direct  manner,  to  the 
greater  proportion  of  stéarine  in  the  former  than  in  the  latter. 
M.  Rousseau  was  unable  to  detect  any  différence  in  the  con- 
ducting  property  of  spirituous,  aqueous,  acid,  alkaline,  or 
neutral  liquids  ;  for  with  thèse  varions  substances  the  time 
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required  by  the  needle  in  order  to  attain  its  maximum  of  dé- 
viation, is  too  short  to  enable  us  to  appreciate  any  inequalities 
of  duration.  But  thèse  inequalities  are  very  sensible,  when 
we  subject  to  this  test  resin,  gum-lac,  or  sulphur  ;  substances 
which  are  found  to  be  muoh  better  insulators  than  silk, 
crystal,  and  common  glass.  It  would  be  easy  to  modify  M. 
Rousseau's  apparatus,  so  as  to  render  it  susceptible  of  in- 
dicating  différences  between  bodies  which  are  less  distant 
from  each  other  in  respect  to  conductibility  ;  but  in  ail  cases 
it  would  only  give  the  order  of  «conducting  power,  more  or 
less  imperfect  of  bodies  ;  and  never  their  relations  of  conduc- 
tibility, 

Before  pursuing  the  explanation  of  the  experiments  that 
hâve  been  made  upon  the  Tarions  degrees  of  conductibility 
of  imperfect  conductors,  let  us  dévote  a  short  time  to  the 
manner,  in  which  the  propagation  of  electricity  takes  place. 
We  hâve  already  given*  Mr.  Faraday's  experiments  and 
théories  on  this  subject,  in  connection  with  his  experiments 
on  dialectric  bodies,  as  well  as  the  researches  of  Harris  and 
Matteucci.  Faraday's  fundamental  idea  is  that  the  propaga- 
tion of  electricity  in  bodies,  that  are  more  or  less  insulators, 
is  brought  about  by  the  polarisation  of  the  successive  molé- 
cules; and  that  each  body  possesses  in  this  respect  a  spécifie 
power  that  is  peculiarly  its  own.  Matteucci  had  already 
confirmed  this  theory  by  his  remarkable  experiment  with 
superposed  plates  of  mica,  which  became  polarised,  that  is  to 
say,  they  acquired  on  each  of  their  faces  a  différent  electricity, 
when  they  are  interposed  between  two  armatures  highly 
charged  with  contrary  electricities  ;  but  he  has  further  de- 
monstrated,  by  direct  experiments,  that  molecular  electrisation 
is  developed  in  différent  degrees  in  différent  insulating  bodies. 
Thus  he  made  a  small  pendulum  oscillate,  to  which  he  had 
given  electric  charges  of  greater  or  less  intensity,  before  three 
sphères  of  very  great  diameter,  in  comparison  with  that  of 
the  electrised  bail.  The  three  sphères,  placed  successively 
at  the  same  distance  from  the  electrised  pendulum  (first,  at 

*  VoL  I  p.  139.  and  the  foUowing  pages. 
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a  distance  of  4  in.,  then  of  about  5  in.),  were  a  sphère  of  lead, 
one  of  sulphur,  and  one  of  resin.  The  mean  duration  of 
20  oscillations,  at  a  distance  of  4  in.,  with  a  certain  electric 
intensity,  was,  for  the  sphère  of  lead!  24£",  for  that  of 
sulphur,  30£",  for  that  of  resin,  32£"  ;  with  another  intensity 
and  at  a  distance  of  abont  5  in.,  thèse  numbers  were  différent, 
but  their  relations  remained  almost  the  same  ;  which  gives  for 
the  mean  of  the  numbers,  that  represent  the  relation  of  the 
forces, — 

Sphère  of  lead  -  -  -  -    r 

„        Sulphur       -  0-6072 

„        Keain  ....    04800 

Thus  at  a  distance  sphères  of  a  différent  nature  expérience 
a  différent  influence  from  the  electricity  of  the  pendulum  ;  but 
it  is  independent,  in  regard  to  its  relative  intensity,  of  the 
energy  of  the  electric  charge. 

When  in  contact  thèse  différences  are  more  sensible.  In 
order  to  estimate  them,  M.  Matteucci  employed  plates  and 
cylinders  made  of  différent  insulating  substances,  which  he 
touches  successively  with  an  electrised  métal  bail  held  by 
an  insulating  handle,  or  with  a  cylinder  of  gum-lac  electrised 
by  friction  ;  he  then  brings  the  plate  or  cylinder,  that  has 
been  touched,  in  front  of  a  small  electric  pendulum.  If  the 
body  that  has  electrised  is  an  insulator,  the  point  of  the 
plate  or  cylinder  that  is  touched  is  found  charged  with  a  con- 
trary  electricity  to  that  of  the  electrised  body,  and  around 
this  point  with  similar  electricity.  If  the  body  that  has 
electrised  is  a  conductor,  the  insulating  plate  or  cylinder  is 
soon  found  to  be  charged  with  the  same  electricity  as  this 
body,  provided  the  insulating  substance  is  not  of  a  large 
mass,  and  that  the  contact  has  not  been  maintained  longer 
than  a  brief  moment  ;  in  which  case  the  touched  points  hâve 
a  contrary  electricity  to  that  of  the  electrised  conductor. 

Furthermore,  the  propagation  of  electricity  in  an  insulating 
body  may  be  easily  proved  by  direct  experiment  For  this 
purpose  we  hâve  merely  to  electrise  a  cylinder  of  stearic 
acid  by  means  of  the  prime  conductor  of  the  machine  ;  if  it 
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is  rubbed  with  woollen  cloth,  signs  of  négative  electricity  are 
obtained;  but,  in  order  to  obtain  tbe  re-appearance  of  the 
signs  of  positive  electricity  that  h  ad  been  communicated  to 
it  by  the  electrical  machine,  and  which  has  become  propagated 
in  its  interior,  we  hâve  mcrely  to  melt  the  surface,  or  to  wash 
it  in  sulphuric  ether. 

The  laws  of  this  propagation  hâve  been  the  subject  of  long 
and  délicate  researches  on  the  part  of  M.  Matteucci.  By 
operating  with  the  balance  of  Coulomb  —  and  after  the  mov- 
able  bail  had  receded  about  30°  from  the  fixed  bail  by  intro- 
ducing  an  insulating  plate,  which  he  placed  in  contact  with  this 
bail — he  deduced,  by  the  détermination  of  the  distance  between 
the  two  balls,  the  facility  with  which  the  insulating  plate  had 
taken  away  electricity  from  the  fixed  bail,  and,  consequently, 
its  degree  of  aptitude  in  propagating  electricity.  He  took  the 
précaution  of  allowing  contact  to  remain  in  each  experiment 
for  five  minutes  ;  and  he  estimated  by  the  diminution  of  the 
angle  of  torsion,  after  the  insulating  plate  had  been  removed, 
the  quantity  of  electricity  that  it  had  taken  away  from  the 
fixed  bail.  The  expérimenta  were  made  by  varying  the 
initial  charge  of  the  bail  and  the  extent  and  thickness  of  the 
insulating  plate,  and  by  operating  for  the  most  part  with  plates 
of  sulphur  ;  but  sometimes  also  with  plates  of  gum-lac,  glass, 
and  mica.  In  each  experiment  a  note  was  made  of  the  initial 
electric  force,  of  the  electric  force  during  the  contact  of  the 
insulating  plate,  and,  finally,  of  the  residual  force  ;  namely, 
that  which  remained  after  a  contact  of  five  minutes.  During 
thèse  five  minutes,  the  loss  of  electricity  by  the  air  was  abso- 
lutely  insensible. 

The  results  of  the  numerous  expérimenta,  made  in  this 
manner  by  M.  Matteucci,  do  not  lead  to  very  simple  laws  ; 
but  the  results  are  not  the  less  curious.  Thus,  the  quantity 
of  electricity  taken  from  the  bail  by  the  insulating  substance 
is  proportionately  greater  as  the  electric  charge  is  stronger  ; 
it  is  in  like  manner  more  considérable  in  proportion  as  the 
insulating  plate  is  thinner  and  less  extended  ;  which  is  due  to 
the  effect  being  concentrated  on  a  smaller  number  of  points, 
and  being  consequently  proportionately  greater.     It  follows, 
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tfaat  the  passage  of  electricity  from  a  métal  bail  to  an  insu- 
lating  body  occurs  the  more  easily  in  proportion  as  the  latter 
is  thinner,  and  présents  to  the  bail  the  smaUest  number  of 
points  that  do  not  touch  it;  so  that  an  electrised  métal 
bail  would  lose  the  smallest  possible  quantity  of  electricity 
when  resting  on  a  very  thick  and  very  extended  insulating 
dise  ;  and  that,  on  the  contrary,  the  greatest  loss  of  electricity 
would  occur  on  reducing  the  insulating  body  to  a  very  slender 
and  very  short  stem.  * 

If  the  insulating   dises,   whatever  their  nature  be,  are 
covered  with  a  thin  sheet  of  tin-foil  on  one  of  their  faces, 
whilst  the  other  is  in  contact  with  the  movable  electrised 
bail,  we  find  that  the  electric  force  of  the  bail  diminishes 
much  more,  both  during  and  after  this  contact,  than  when  the 
insulating  dise  is  not  coated  :  thèse  résulta  seem  to  demonstrate 
the  pénétration  of  contrary  electric  charges,  that  takes  place 
in  the  two  faces  of  the  insulating  dise, — the  one  by  contact, 
the  other  by  induction — a  pénétration,  which  may  easily  be 
proved  directly.     For  this  purpose,  we  hâve  merely  to  take 
a  cubical  pièce  of  spermaceti,  and  to  place  it  between  two 
coatings,  so  as  to  constitute  a  magie  pane,  which  is  charged 
feebly  but  tediously.     Then,  by  means  of  plates  of  glass,  the 
pièce  of  spermaceti  is  to  be  divided  into  several  fragments, 
which  are  found  to  be  charged  to  a  certain  depth  with  positive 
electricity  on  the  side  of  the  positive  coating,  and  with  néga- 
tive electricity  on  the  side  of  the  négative  coating.     If  in 
place  of  spermaceti,  we  employ  plates  of  mica  superposed  on 
each  other,  instead  of  having  contrary  electric  states  on  the 
opposite  faces  of  each  of  them,  providing  a  powerful  electric 
force  is  emploved  and  allowed  to  act  for  a  long  time,  we  end 
by  finding  the  same  electricity  upon  both  faces  of  the  same 
plate,  going  from  the  outer  plates  toward  the  middle  ;  namely, 
positive  electricity  upon  the  plates  that  are  on  one  side,  and 
négative  upon  those  which  are  on  the  other. 

M.  Matteucci  concludes  from  thèse  expérimenta,  and  from 

*  This  resuit  agrées  with  Coulomb's  observation,  that,  in  order  to  produce 
a  perfect  insulator,  a  thin  stem  should  be  longer  in  proportion  as  the  substance 
of  which  it  is  made  is  a  less  efficient  insulator. 
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others  that  we  hâve  already  *  mentioned  that  the  différence 
observed  by  Faraday  and  Harris,  between  différent  substances 
with  regard  to  tbeir  faculty  for  modifying  the  electric  charge 
of  the  magie  pane,  between  the  two  coatings  of  which  they 
are  placed,  is  not  due  to  their  spécifie  inductive  power,  but 
simply  to  différences  in  the  propagation  of  electricity,  either 
at  their  surface  or  at  a  very  small  depth  in  their  interior  :  a 
proof  that  the  electric  molecular  states  may  be  destroyed  in 
insulating  bodies,  and  electricity  may  be  propagated  in  them 
as  in  conductors,  and  that  insulating  power  consists  merely  of 
the  greater  or  less  résistance  to  the  successive  establishment 
and  destruction  of  the  molecular  electric  states.  We  may 
also  remark  that  this  molecular  electrisation  is  developed  and 
ceases  in  insulating  bodies  at  the  very  moment  when  the 
présence  of  the  electrised  body  commences  or  ceases. 

It  is  a  very  remarkable  fact  that  négative  electricity  is 
propagated  more  readily  than  positive,  both  on  the  surface  and 
in  the  interior  of  insulating  bodies.     The  experiment  is  made  by 
charging  balte,  sometimes  with  négative,  sometimes  with  positive 
electricity,  and  by  comparing  the  résulta  obtained,  on  placing 
in  each  case  the  movable  bail  in  contact  with  the  uneoated 
surface  of  the  insulating  plate,  the  coated  surface  being  in 
communication  with  the  ground.    The  différences  are  very  de- 
cided  ;  the  diminution  of  the  electric  force  during  contact,  and 
of  the  force  that  remains  after  contact,  is  greater  for  négative 
than  for  positive  electricity,  in  the  relation  of  double  to  single* 
The  différence  is  not  so  great,  although  it  is  still  sensible, 
when  the  insulating  plates  are  not  coated  ;   but  it  is  more 
considérable  in  proportion  as  the  electric  charge  is  stronger. 
It  is  évident  that  to  this  différent  property  of  the  two  electri-  - 
cities  is  to  be  traced  the  cause  of  the  Lichtenberg  f  figures, 
in  which  positive  electricity  is  propagated  on  an  insulating 
surface  in  ramifications,  consequently,  in  compacted  filaments, 
distributed  unequally  over  this  surface,  whilst  négative  elec- 
tricity is  propagated  uniformly  in  radii  equally  distributed 
around  the  electrised  point 

*  VoLLp.  152.  f  Vol.  I.  p.  m. 
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We  may  further  add,  that  différences  of  température,  even 
the  slightest,  produce  a  considérable  variation  in  the  insulating 
power  of  bodies  ;  but  thèse  variations  do  not  folio w  the  same 
progressions  in  différent  substances.  Thus,  with  very  strong 
electric  charges,  sulphur  up  to  68°  is  not  so  good  an  insulator 
as  gum-lac  ;  the  reverse  is  the  case  beyond  68°.  In  order  to 
détermine  accurately  the  différence  in  the  two  cases,  two 
cubes  of  2*36  in.  on  each  side  are  taken,  the  one  of  sulphur, 
the  other  of  gum-lac  ;  each  of  thèse  cubes  is  eut  through  the 
middle,  and  a  spherical  cavity  is  made  in  its  centre  of  the 
size  of  the  movable  bail,  which  lodges  in  it  as  in  a  mould. 
Thèse  cubes  being  well-dried,  the  bail  is  placed  in  them  for 
a  few  seconds  :  it  is  found  that  the  loss  of  electricity  at  56°*8 
being  y£7  in  air,  it  is  ^  in  gum-lac,  and  ^  in  sulphur;  and 
at  95°,  jij.  in  gum-lac,  and  ^  in  sulphur. 

We  must  not  confound  this  influence  of  heat  with  that 
which  consista  in  removingfrom  the  surface  of  certain  bodies, 
such  as  glass  and  mica,  a  thin  layer  of  moisture,  which 
renders  them  slightly  conductors.  In  this  case  the  élévation 
of  température  increases  their  insulating  power.  But  a  more 
powerful  heating  diminishes  it  ;  glass,  resin,  and  waz,  become 
conductors  at  a  température  sufficient  to  soften  them,  and 
still  more  so,  when  they  are  reduced  to  the  state  of  liquid. 
Glass  in  a  state  of  fusion  is  even  able  to  conduct  a  very 
feeble  current,  so  as  to  act  upon  the  galvanometer.  It  is 
true  that  under  thèse  conditions,  it  probably  expériences  an 
altération  in  its  chemical  constitution,  which  may  explain  the 
modifications  brought  about  in  its  insulating  power;  the 
same  thing  also  occurs  when  its  surface  has  been  radiated  by 
electric  discharges  ;  indeed,  it  may  be  seen  that  the  rays  are 
much  better  conductors  than  the  rest  of  the  surface,  which 
has  not  been  altered  by  the  passage  of  discharges.  However, 
a  simple  modification  in  the  arrangement  of  the  particles  is 
amply  sufficient,  without  any  chemical  altération,  to  account 
for  the  changes  that  may  occur  in  the  conductibility  of 
bodies  that  are  imperfect  conductors  ;  and  we  find  a  remark- 
able  proof  of  this  in  the  conducting  properties  of  crystals, 
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which  hâve  been  studied  with  great  care,  successively  by  M. 
Wiedemann,  and  by  M.  de  Sénarmont. 

The  former  of  thèse  philosophera,  in  pursning  thèse  in- 
vestigations, made  use  of  powder  of  lycopodium  or  minium, 
with  which  he  powdered  over  the  surface  of  the  body  sub- 
mitted  to  experiment  ;  he  then  touches  a  point  of  this  surface 
with  the  point  of  an  insulated  needle,  by  means  of  which  he 
communicated  positive  electricity  from  a  Leyden  jar.  The 
light  powder  is  dispersed  ail  around  the  point,  by  the  effect  of 
the  repulsion  exercised  upon  it  by  the  points  of  the  surface, 
that  hâve  received  the  electricity,  When  the  body  powdered 
upon  is  a  plate  of  glass,  a  circular  figure  is  obtained  around 
the  point,  traversed  by  rays  similar  to  the  Lichtenberg  figures. 
When,  instead  of  glass,  a  pallet  of  gypsum  is  employed,  the 
powder  is  no  longer  dispersed  in  a  uniform  manner  in  ail 
directions.  Two  principal  directions  are  noticed  which 
are  diametrically  opposite,  and  along  which  the  dispersion 
occurs  with  more  force;  this  gives  rise  to  an  elliptical 
surface,  whose  axes  are  to  each  other  as  2  or  3  is  to  1. 
The  great  axis  of  this  ellipses  forms  a  right  angle  with  the 
principal  crystallographic  axis,  which  proves  that  electricity 
is  more  easily  distributed  in  a  direction  perpendicular  to  the 
principal  axis,  than  in  any  other  direction.  The  same 
phenomenon  is  presented  with  many  other  crystals,  such  as 
celestine,  quartz,  acétates  of  lime  and  copper,  which  are  ail 
positive.  On  the  other  hand,  with  négative  crystalline 
substances,  such  as  arragonite,  tourmaline,  and  Iceland 
spar,  the  axis  of  the  ellipse,  formed  by  the  electric  dispersion 
of  the  powder,  is  parallel  to  the  crystallographic  axis.  Thèse 
opposite  results  seem  to  indicate,  that  the  direction  of  beat 
electric  conductibility  is  also  that  in  which  light  is  pro- 
pagated  relatively  with  most  rapidity. 

M.  de  Sénarmont,  who  had  already  discovered  the  unequal 
conductibility  of  crystals  for  heat  in  différent  directions,  had 
arrived  at  the  same  time  as  M.  Wiedemann  *  at  analogous 

*  The  researches  of  M.  Wiedemann  appeared  a  short  time  before  those  of 
M.  de  Sénarmont  ;  but  the  processes  of  the  two  philosophera,  although  theîr 
results  generally  agrée,  are  yery  différent. 
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résulte,  as  far  as  the  conducting  power  for  electricity  is  con- 
cerned.  M.  de  Sénarmont  covers  the  surface  of  bad  con- 
ducting bodies  with  a  sheet  of  tin-foil,  forming  as  it  were  a 
métal  envelope  around  the  body  ;  he  takes  care  to  perforate 
this  envelope  with  a  perfectly  circular  hole,  which  exposes  a 
part  of  the  natural  surface.  An  insulated  métal  point, 
placed  in  the  centre  of  the  opening,  perpendicular  to  the 
surface  itself  of  the  bad  conducting  body,  is  the  way  by 
which  the  electricity  is  introduced.  The  electricity  cannot 
escape,  except  by  traversing  toward  the  circumference,  and 
passing  over  a  non-conducting  space;  it  has,  therefore,  to 
overcome  résistances,  the  évidence  of  which  is  manifested  by 
luminous  phenomena.  As  every  thing  is  symmetrical,  the 
electricity  that  enters  at  the  centre  of  the  circle,  is  attracted 
equally  on  ail  sides  by  the  conducting  circumference,  and 
cannot  be  led  in  greater  proportion  in  one  direction  than  in 
the  other,  except  by  différences  in  superficial  conductibility. 
There  is  an  advantage  in  operating  in  rarefied  air,  because 
the  phenomenon  is  in  this  way  well  regulated  ;  it  is  true  that 
the  continuous  escape  of  electricity  does  not,  in  this  case,  leave 
any  permanent  traces  ;  but  it  is  manifested  in  darkness  by  a 
light,  which  renders  ail  the  peculiarities  of  the  phenomenon 
visible  during  its  continuance. 

Expérimente  conducted  in  this  manner  show  that  upon 
homogeneous  matters,  or  upon  crystals  of  the  regular  System, 
electricity  spreads  circularly  around  the  central  point,  and 
covers  the  surface  of  the  circle  with  a  uniform  light  ;  it  is  the 
same  with  crystals  of  the  prismatic  System,  with  a  square  and 
rhombohedral  base,  but  only  when  the  face  is  normal  to  the 
axis  of  symmetry.  In  ail  other  cases,  namely,  on  the  faces 
parallel  and  inclined  to  the  axis  of  symmetry  of  crystals  of 
this  System,  on  any  face  whatever,  as  well  as  with  crystals 
of  other  Systems,  there  existe  a  direction  of  principal  con- 
ductibility. In  such  cases,  we  see  plainly  the  light  escaping 
freely  from  the  centre  in  two  opposite  directions,  and  thus 
forming  a  luminous  diameter,  which  assumes  a  fixed  direc- 
tion, or  spreads  a  little  into  a  fan,  and  balances  itself  by 
a  few  slight  oscillations  on  the  right  and  left  of  its  true 
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direction.  The  direction  is  more  stable,  when  a  certain 
tension  is  allowed  to  the  air  ;  sometimes,  even  in  this  case, 
brilliant  and  instantaneous  sparks  intermingle  with  the  per- 
manent violet  light  ;  and,  if  the  surface  has  been  powdered 
with  flowers  of  sulphur,  the  sparks  leave  upon  this  powder 
the  tracé  of  the  rectilinear  course  which  they  hâve  traversed. 

The  results  obtained  by  M.  de  Sénarmont  show  that, 
when  the  face  of  the  crystal  contains  in  its  plane  one  or  two 
axes  of  symmetry,  the  direction  of  maximum  conductibility  is 
perpendicular  or  parallel  to  thèse  axes  ;  but  that,  in  other 
cases,  namely  when  the  face  contains  no  axes  of  symmetry  in 
its  plane,  this  direction  cannot  be  anticipated  à  priori;  it 
must  be  determined  by  experiment,  and  does  not  necessarily 
coïncide  either  with  the  directions  of  the  axes  of  optical 
elasticity,  or  with  the  directions  of  the  axes  of  thermie  con- 
ductibility. However,  the  analogies  that  are  presented  by 
the  optical,  calorific,  magnetic  and  electric  properties  of 
crystals^  which  we  hâve  previously  entered  into*,  and  the 
influence  exercised  over  thèse  properties  by  the  equal  or 
unequal  axes  of  symmetry,  are  of  a  nature  to  demonstrate 
that  they  are  connected  with  a  common  cause,  namely, 
molecular  arrangement,  and  to  show  the  importance  of  this 
cause  in  the  phenomena  that  are  now  engaging  our  attention. 
M.  Knoblauch  has  on  his  part  actually  demonstrated  the 
influence  of  crystalline  form  over  induced  electricity,  by 
observing  that  crystals,  suspended  between  the  contrary 
pôles  "of  two  dry  piles,  assume  a  determinate  direction, 
which  is  due  to  the  mode  in  which  their  particles  are 
grouped. 

We  may  further  add  that  M.  de  Sénarmont,  as  well  as 
M.  Wiedemann,  has  remarked  a  very  decided  différence 
between  positive  and  négative  electricity,  with  regard  to 
their  mode  of  action  in  experiments  relating  to  the  super- 
ficial  conductibilty  of  crystals.  The  results  are,  however, 
very  confused  and  variable,  when  négative  electricity  is  made 
to  enter  by  the  point  ;  they  are  well  determined  with  positive 

*  VoL  L  p.  515. 
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electricity  alone.  We  shall  return  to  thèse  différences  pre- 
sented  by  the  two  electricities  ;  bat  we  must  first  point  out 
one,  which  was  only  apparent,  and  has  admitted  of  explana- 
tion  by  the  ordinary  and  known  effects  of  the  electric 
carrent. 

Ermann  thought  he  had  foond  in  a  particular  class  of  imper- 
fect  conductors,  which  he  had  called  unipolar,  the  property  of 
more  easily  transmitting  one  of  the  electricities  than  the  other. 
Into  a  pièce  of  very  dry  soap,  he  introduced  two  wires  com- 
municating  respectively  with  one  of  the  pôles  of  a  voltaic 
pile  ;  the  two  pôles  preserved  their  tension  ;  bat  if  the  soap 
was  touched  with  a  conducting  body,  the  négative  pôle 
was  discharged,  whilst  the  positive  pôle  acquired  the  max- 
imum of  tension  that  it  possesses  when>  with  the  pile  in  an 
insulated  state,  the  négative  pôle  is  put  into  communication 
with  the  ground.  Ermann  had  discovered  the  same  pro- 
perty in  dried  white  of  egg,  and  in  the  flame  of  phosphorus  ; 
he  had  alsonoticed  it  in  the  fiâmes  of  hydrogen,  of  alcohol  and 
of  hydro-carbon  bodies  in  gênerai  ;  but  with  this  différence, 
that  it  is  the  positive  pôle  that  is  discharged  by  thèse  fiâmes, 
whilst  the  négative  pôle  acquires  its  highest  tension.  The 
former  had  consequently  been  designated  négative  unipolar, 
the  latter  positive  unipolar,  bodies.  This  classification,  in 
addition  to  its  having  been  too  absolute  in  its  character,  had  the 
farther  defect  of  being  based  upon  an  erroneous  interprétation 
of  the  expérimenta.  Indeed,  Ohm  has  demonstrated  that  the 
cause  of  the  phenomenon  observed  by  Ermann  does  not  réside 
in  any  property  of  the  substance  interposed  between  the 
pôles  of  the  pile,  but  is  due  to  the  effect  produced  in  it, 
as  soon  as  the  circuit  is  closed,  by  the  current  that  traverses 
it.  This  effect  consista  of  the  décomposition  of  the  soap, 
the  stearic  or  oleic  acid  of  which  is  carried  to  the  positive 
pôle,  whilst  the  soda  goes  to  the  négative  ;  thèse  acids  being 
of  an  insulating  nature,  as  soon  as  they  hâve  covered  the 
wire  upon  which  they  are  deposited,  the  electricity  of  the 
pôle  with  which  this  wire  is  in  communication,  namely,  the 
positive,  can  no  longer  pass  in  the  soap,  whilst  the  négative 
continues  to  be  transmitted  in  it  and  escapes  thence  into  the 
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ground.  Thus  the  négative  pôle  of  the  pile  is  discharged,  whilst 
the  positive  maintains  its  tension.  This  very  natural  inter- 
prétation of  Ermann's  experiment  is  found  to  be  confirmed 
by  a  great  number  of  facts.  Indeed,  we  hâve  merely  to  put 
the  wire  that  came  from  the  positive  pôle  into  communication 
with  the  négative  pôle,  and  which  consequently  is  covered 
with  the  coat  of  acid,  and  we  insulate  the  négative  electricity 
as  had  been  the  case  with  the  positive.  In  order  to  succeed 
in  thèse  expérimenta,  it  is  necessary  to  hâve  a  powerful  pile  ; 
for,  unless  this  is  done,  the  products  of  décomposition  occur 
in  so  small  a  quantity  that  they  cannot  interpose  any  obstacle 
to  the  circulation  of  the  current 

With  regard  to  the  unipolarity  of  hydrogenous  fiâmes, 
it  is  probably  due  to  the  voltaic  décomposition  of  the  vapour 
of  water  formed  during  combustion, — a  décomposition  that 
détermines  upon  the  surface  of  the  négative  wire  the  deposit 
of  an  insulating  film  of  hydrogen;  whence  it  follows  that 
the  positive  electricity  alone  is  able  to  pass  away  into  the 
ground  by  means  of  the  wire  placed  in  the  flame.  We  shall 
elsewhere  return  to  the  phenomena  connected  with  the  con- 
ducting  powers  of  fiâmes  in  the  following  paragraphe  which 
is  devoted  to  the  propagation  of  electricity  in  elastic  fluids. 

Concentrated  sulphuric  acid,  when  placed  under  the  same 
conditions  as  soap  and  fiâmes,  is  a  négative  unipolar  conductor 
which  arises  from  the  formation  on  the  positive  wire  of  in- 
soluble and  non-conducting  sulphate;  but  the  effect  varies 
with  the  nature  of  the  wires  immersed  in  the  acid  ;  inasmuch 
as  some  form  more  soluble  and  better  conducting  sulphates, 
than  are  formed  by  the  others.  Finally,  ail  this  class  of  pheno- 
mena is  nothing  more  than  the  resuit  of  the  secondary  actions, 
which  always  accompany  the  transmission  of  electricity 
through  conductors,  capable  of  being  decomposed  ;  and  under 
this  view,  it  loses  much  of  its  theoretic  importance,  and  enters 
into  the  category  of  the  numerous  facts  due  to  the  same  cause, 
and  which  we  shall  study  in  the  Chapter  on  electro-chemical 
décompositions.* 

*  In  what  we  hâve  been  saying  upon  unipolar  conductors,  we  hâve  not  men- 
tioned  some  expérimenta  of  Ermann's,  relative  to  the  reciprocal  insulating  and 
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Hitherto,  while  engaged  with  imperfect  solid  and  liquid  con- 
ductors,  we  hâve  spoken  only  of  the  slow  and  graduai  propaga- 
tion of  electricity  that  can  be  bronght  about  in  them  ;  but  thèse 
condnctors  are  able  to  transmit  electricity,  according  to  a  very 
différent  mode,  namely,  suddenly  and  instantaneously.  This 
mode  of  transmission  in  snch  bodies  is  attended  by  a  rupture 
in  their  molecular  eqnilibrium,  which  is  manifested  under 
différent  forms,  but  which  always  occurs;  it  is  also  fre- 
quently  attended  by  luminous,  calorific,  and  chemical  effects; 
but  the  production  of  thèse  effects  is  not  a  necessary  condition 
of  the  transmission  of  electricity  :  we  shall  study  thèse  effects 
in  the  sequel,  in  the  Chapters  that  are  appropriated  to  them, 
,  whilst  the  molecular  phenomena  being  connected  with  the 
very  mode  of  propagation  in  question,  we  cannot  separate  the 
study  of  them  from  that  of  this  mode  of  propagation. 

When  a  thin  plate  of  glass  or  mica  is  placed  between  the 
two  extremities  of  the  rods  of  a  discharger,  it  is,  as  we  hâve 
already  seen,  pierced  with  a  hole,  by  the  discharge  of  an 
electric  battery  ;  it  is  the  same  with  a  pièce  of  dry  wood, 
which  is  split  and  broken  into  a  thousand  fragments,  that  are 
dispersed  about  in  ail  directions.  The  edges  of  the  hole, 
when  glass  or  mica  is  employed,  become  opaque  ;  we  perceive 
that  the  molecular  condition  of  the  substance  has  been  altered. 
If  the  two  extremities  of  the  rods  of  the  discharger  are  placed 
at  some  little  distance  apart,  but  on  the  same  side,  on  the 
surface  of  a  plate  of  glass,  the  discharge  occurs  by  means  of 
a  spark,  which  passes  over  this  surface,  leaving  upon  it  traces, 
that  cannot  be  obliterated,  of  the  route  it  has  followed.  On 
hard  glass,  and  rock  crystal,  thèse  traces  are  pale,  of  a  dull 
grey,  and  perfectly  resist  under  the  nail,  as  if  the  polish  of  the 
surface  had  been  altered  by  rubbing  it  with  coarse  sand. 
On  soft  glass,  mica,  and  délicate  crystals,  the  traces,  left  by 

conducting  action  which  the  incandesceent  platinum  of  Davy's  aphlogistic  lamp 
exercises  over  the  two  electricitics.  Thèse  phenomena,  in  which  it  was  at  first 
thought  that  proofs  were  found  in  favour  of  Franklin's  theory  of  a  single 
electricity,  are  very  complex  ;  and  dépend  essentially  upon  the  production  of 
electricity,  which  accompanies  the  slow  combustion  that  takcs  place  in  the 
aphlogistic  lamp.  The  study  of  thèse  phenomena  must  therefore  be  postponed, 
until  we  are  engaged  with  the  différent  sources  of  electricity. 
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the  discharge,  présent  a  différent  aspect  :  they  seem  to  indi- 
cate  that  the  matter  has  undergone  a  chemical  change  to  a 
certain  depth,  a  change  that  gives  rise  to  the  electric  figures, 
observed  by  Riess,  and  by  other  philosophera  ;  this  chemical 
change  almost  always  accompanies  the  mechanical  effect;  for 
the  traces  that  are  presented  by  the  hardest  glass  upon  its 
surface  after  the  discharge,  are  slightly  alkaline,  as  may  easily 
be  proved  by  rubbing  them  with  paper  reddened  by  litmus. 
.  We  hâve  already  quoted  the  experiment  of  the  card,  which, 
when  it  has  been  pierced  by  the  discharge,  présents  bosses  on 
both  sides,  and  the  hole  of  which  is  always  opposite  to  the 
négative  point,  when  the  two  points  are  not  opposite  to  eack 
other;  which  is  due,  as  we  shall  see,  to  the  unequal  pressure 
experienced  by  the  two  electricities  on  the  part  of  the  air. 

When  the  discharge  traverses  liquids,  if  they  are  imperfect 
conclue  tors,  or  rather  insulators,  such  as  olive  oil,  sulphuric 
ether,  and  essence  of  turpentine,  there  is  always  a  mechanical 
effect,  accompanied  by  a  spark.  The  vessel  in  which  thèse 
liquids  are  contained,  is  frequently  broken  by  the  effect  of 
even  a  moderate  discharge  :  thus  if  it  is  of  wood,  it  may  be 
violently  overturned  by  a  spark,  that  is  the  length  of  -fa  of  an 
inch  ;  in  order  that  it  shall  be  broken,  the  spark  must  be  a 
little  more  powerful.  Singer  succeeded  in  breaking  into 
many  fragments  tubes  of  glass,  whose  sides  were  more  than 
£  in.  in  thickness,  by  passing  a  discharge  through  a  column 
of  liquid,  with  which  the  tubes  were  filled  ;  it  is  true  that 
care  was  taken  to  close  hermetically  the  extremities,  by 
which  the  wires  for  transmitting  the  discharge  had  been  in- 
troduced.  The  same  effect  is  produced,  when  the  tube  is 
filled  with  a  good  conducting  liquid,  as  mercury  for  instance, 
or  sulphuric  acid;  but  in  this  case  the  tube  must  be  capillary 
and  the  length  of  the  liquid  column  must  not  be  too  con- 
sidérable. Morgan  has  remarked  that  with  concentrated  sul- 
phuric acid,  and  a  tube  y3in.  in  diameter,  the  greatest  length, 
at  which  the  breaking  and  luminous  explosion  can  occur  at 
the  same  time,  is  about  19£  in. 

The  passage  of  discharge  through  bad-conducting  liquids, 
such  as  oils  and  essences,  raises  their  température,  and  pro- 
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duces  in  them  a  deposit  of  carbon,  arising  from  their  de- 
composition  ;  and  in  the  end,  their  condacting  power  is 
slightly  increased.  This  is  probably  an  effect  of  the  high 
température  of  the  spark,  rather  than  of  the  electricity 
itself  ;  this  we  shall  endeavour  to  investigate  farther  on. 
Morgan,  who  was  the  first  to  observe  this  fact,  also  remarked 
that  among  liquids  the  oils  are  they  which  allow  the  discharge 
to  pass  the  least  easily,  whilst  alcohol  and  water,  especially 
when  heated,  transmit  it  much  better,  so  that  in  the  latter 
instance  it  ceases  to  be  luminous. 

Moreover,  the  explosive  effect  of  the  discharge  through 
condncting  bodies  occurs  equally,  whether  they  be  solid  or 
liquid,  like  mercury.  Thus  when  a  pièce  of  very  thin  gold 
leaf  is  placed  between  two  plates  of  glass,  the  upper  of  which 
is  loaded  with  a  weight,  the  gold  is  reduced  to  powder,  and 
the  plates  are  often  broken  in  pièces.*  In  like  manner,  a 
very  thin  iron  wire,  one  or  two  inches  in  length,  when  tra- 
versed  by  a  discharge,  that  reduces  it  to  powder,  is  capable 
of  breaking  into  a  thousand  fragments  a  glass  tube  of  about 
£  an  inch  across,  in  the  interior  of  which  it  is  placed  ;  and 
thèse  fragments  are  projected  afar  ;  care  must  be  taken  to 
introduce  the  discharge  by  means  of  two  thick  wires,  each  of 
which  enters  one  end  of  the  tube,  and  which  are  connected 
by  the  iron  wire.  If  care  is  taken  to  surround  this  wire  by 
a  pièce  of  paper,  the  paper  is  torn,  but  the  glass  is  not  at  ail 
damaged.  The  action  is  infinitely  more  violent,  when  the 
wire  is  surrounded  by  water  or  oil  ;  this  arises  from  liquids, 
which  are  incompressible  or  nearly  so,  transmitting  in  a 
much  more  complète  and  instantaneous  manner  than  air, 
the  pressure  to  which  they  are  subjected.  Pistol  barrels 
may  be  split  by  filling  them  with  water  or  oil,  and  taking  the 
précaution  of  placing  within  the  liquid,  a  thin  band  of  lead, 
that  is  pulverised  by  the  discharge. 

In  ail  cases,  where  the  body  that  is  traversed  by  the 
discharge  is  metallic,  there  is  a  great  development  of  heat. 


*  We  hâve  already  mentioned  this  experimcnt  of  the  gold  leaf,  but  under  a 
slightly  différent  form.    See  Vol.  L  p.  121. 
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Is  it  to  a  sudden  vaporisation,  produced  by  this  heat,  that 
the  mechanical  effects  we  hâve  been  studying  may  be  traced? 
This  might  be  possible  in  the  case  of  mercury;  but  this 
interprétation  of  the  phenomenon  becomes  more  difficult  in 
the  case  of  gold,  and  especially  in  that  of  iron.  It  would 
therefore  seem  that,  independently  of  the  heat  which  it 
developes,  the  discharge  would  produce,  even  in  very  good 
conducting  bodies,  when  it  meets  with  résistance,  a  mechanical 
rupture,  and,  as  it  were  a  kind  of  very  energetic  sudden 
expansion.  However,  this  point  deserves  a  very  attentive 
examination  :  we  reserve  it  until  we  shall  be  engaged  upon 
the  calorific  effects  of  discharges,  which  are  altogether  con- 
nected  with  their  mechanical  effects,  as  Reiss  has  so  well 
demonstrated. 

In  conclusion,  ail  the  phenomena  presented  by  the  pro- 
pagation of  electricity  in  imperfect  conductors,  whether  it  be 
slow  or  instantaneous,  manifest  the  intimate  connection 
existing  between  this  propagation  and  the  molecular  condition 
of  bodies.  In  the  cases  wherein  the  propagation  is  slow, 
every  thing  that  modifies  the  molecular  state  has  an  influence 
upon  it,  as  cristallisation,  liquéfaction,  or  the  mère  élévation 
of  température.  In  the  case,  wherein  the  propagation  is 
instantaneous,  the  molecular  state  is  influenced  by  it.  It  is 
therefore  very  probable,  that  the  sensible  différence  in  this 
respect,  existing  between  good  and  imperfect  conductors,  is 
due  to  the  polarity  of  the  atoms,  which  we  hâve  already 
established,  being  much  more  sensible  in  thèse  latter. 
Indeed,  the  very  imperfection  of  their  conducting  powers 
prevents  the  contrary  electricities  produced  at  their  pôles, 
namely,  at  the  extremities  of  their  axis,  from  uniting  by  their 
surface  so  easily  as  in  the  case  of  those  bodies  which  are 
endowed  with  good  conductibility  ;  a  polar  state  of  the 
particles  is  the  resuit  of  this,  which  compels  them  to 
change  their  position  so  as  to  arrange  themselves  in  a  manner 
harmonising  with  the  two  electricities,  between  which  they 
are  placed  ; .  whilst  conducting  particles  only  undergo  the 
effect  of  induction,  or  of  the  artificial  and  not  natural  polari- 
sation, that  we  hâve  admitted  in  order  to  explain  the  manner 
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in  which  electricity  is  propagated  in  conducting  bodies.  We 
shall  see  many  other  proofs  of  this  pre-existing  polarity  of 
the  particles  of  non-conducting  bodies,  when  we  are  engaged 
upon  the  development  of  electricity,  to  which  thèse  bodies 
give  rise  by  the  effect  of  the  raising  of  their  température. 

Propagation  of  Electricity  in  JElastic  Fluids. 

Gases,  when  they  are  very  dry,  and  especially  atmospheric 
air,  pass  for  being  perfectly  insulating  bodies  :  however,  they 
are  capable  of  propagating  electricity,  more  or  less  easily,  it 
is  trae,  according  to  their  nature,  and  according  to  the 
conditions  in  which  they  happen  to  be  placed. 

Coulomb  had  long  ago  endeavoured  to  measure  the  loss  of 
electricity,  experienced  by  a  well  insulated  electrised  body, 
by  means  of  the  contact  of  the  air.  He  had  succeeded  in 
eliminating  the  cause  of  loss  that  might  anse  from  the  in* 
sulating  support,  by  employing  as  an  insulator,  a  thread  of 
gum-lac  of  ?'7  in.  in  diameter  and  about  two  in.  in  length, 
and  giving  to  the  insulated  body,  which  was  a  bail  of  elder- 
pith  about  ±  in.  in  diameter,  an  electricity,  that  was  not  very 
powerful.  This  bail  was  placed  in  the  torsion  balance  opposite 
to  a  movable  bail,  in  like  manner  well  insulated,  since  the 
needle  by  which  it  was  sustained  was  also  a  fine  cylinder  of 
gum-lac  ;  this  movable  bail  possessed  the  same  electricity. 
The  loss  of  electricity,  brought  about  by  the  contact  of  the 
air,  became  sensible  by  the  graduai  diminution  of  the  ré- 
pulsive force  of  the  balls,  which  was  measured  by  the 
diminution  of  the  force  of  torsion  necessary  to  maintain  them 
at  the  same  distance  from  each  other,  at  20°  for  instance. 
It  was  easy  with  a  seconds'  watch  to  détermine  exactly  the 
relation  existing  between  a  certain  diminution  of  the  répulsive 
force,  and  the  time  necessary  for  producing  this  diminution. 
By  comparing  this  diminution  with  the  mean  répulsive  force 
between  two  consécutive  experiments,  Coulomb  found  a 
fraction,  which  expressed  the  proportion  of  the  electric  force 
of  the  two  balls  lost  during  a  minute,  at  any  moment.  In 
the  tables  that  Coulomb  has  given  of  thèse  résulta,  we  find 
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that  this  fraction  varies  fromT^  to  7XÏÏ  :  we  also  remark  that 
for  the  same  day  and  the  saine  state  of  the  air,  the  weakening 
of  the  electricity  in  a  very  short  time  is  proportionate  to  its 
intensity  ;  and  that  it  varies  according  to  a  law  difficult  of 
détermination,  with  the  hygrométrie  state  of  the  air.  The 
nature  of  the  substance  of  which  the  balls  are  made,  does 
not  appear  to  cause  any  influence  on  the  loss  of  electricity, 
by  the  contact  of  the  air.  It  is  the  same  with  their  form, 
provided  it  is  not  angular, —  a  case  as  we  know,  in  which 
electricity  escapes  from  the  body  in  an  irregular  manner. 
Coulomb  found  also  that  there  was  no  différence  between 
the  two  electricities,  with  regard  to  intensity  and  to  the  laws 
of  their  loss  by  contact  with  the  air. 

Faraday,  in  his  researches  on  dialectric  bodies,  setting  out, 
as  we  hâve  seen,  from  the  principle,  that  the  communication 
of  electricity  is  made  by  the  polarisation  of  successive 
molécules»  had  submitted  to  experiment  varions  gases  and  air 
in  différent  atates  of  density,  by  making  use  of  the  apparatus 
that  we  hâve  described  *,  and  which  is  intended  to  détermine 
the  spécifie  inductive  power  of  bodies.  It  consists,  as 
may  be  remembered,  of  two  véritable  Leyden  jars,  perfectly 
similar,  in  which  the  insulating  substances,  interposed 
between  the  coatings,  are  those  whose  inductive  powers  are 
about  to  be  compared.  The  learned  English  philosopher, 
by  operating  in  this  way,  was  unable  to  detect  any  sensible 
différence  in  this  respect  between  the  varions  gases  and  air, 
more  or  less  rarefied,  and  more  or  less  heated.  Only,  in  thèse 
expérimente,  we  must  take  care  to  avoid  raising  the  electric 
tension  to  the  point  at  which  discharge  would  occur. 

M.  Matteucci  has  taken  up  the  subject  of  the  propagation 
of  electricity  in  gaseous  bodies;  and  has  succeeded  in  determin- 
ing  its  laws  by  a  numerous  séries  of  experiments,  made 
with  great  care.  For  measuring  the  electric  forces,  he  made 
use  of  several  Coulomb's  balances,  furnished  with  torsion 
threads  of  différent  lengths  and  diameters,  according  to  the 
electric  forces  with  which  he  was  operating.  Instead  of 
employing,  as  Coulomb  had  done,  balls  of  elder-pith,  which 

*  See  VoL  L  p.  135.,  Jig.  67. 
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possess  the  inconvenience  of  becoming  a  little  insulating 
in  very  dry  air,  he  preferred  employing  balls  of  the  same 
dimensions,  but  made  with  a  very  tain  plate  of  silver  gilt. 
In  other  respects,  the  experiments  were  conducted  in  the 
same  manner  ;  except  that  the  bail  affixed  to  the  insulating 
stem,  and  which  acts  upon  the  movable  bail,  is  withdrawn  from 
the  balance  in  order  to  be  placed  under  différent  conditions 
which  exert  an  influence,  in  one  direction  or  the  other,  over 
the  loss  of  its  electricity  ;  it  is  then  brought  back  to  the 
balance  at  the  end  of  a  certain  time,  which  is  always  the 
same,  in  order  that  the  loss  it  has  suffered  may  be  deter- 
mined.  The  air  of  the  interior  of  the  balance  is  as  dry 
as  possible,  so  that  we  may  conclude  that  the  loss  ex- 
perienced  by  the  bail  of  the  balance  in  ten  minutes  is  very 
small,  and  always  the  same  for  ail  the  experiments* 

The  following  are  the  results  to  which  this  mode  of  experi- 
menting  has  lead  :  — 

lst.  The  loss  of  electricity  by  the  contact  of  the  air  is 
not  increased  by  the  agitation  of  the  air  ;  on  the  contrary, 
the  loss  of  electricity  in  the  agitated  air  is  less  than  that 
which  occurs  in  the  air  at  rest.  This  resuit,  singular  as 
it  apparently  is,  is  easily  explained  if  we  take  into  account 
the  time  which  may  probably  be  required,  for  the  particles 
to  become  polarised,  and  thus  to  transmit  the  electricity  of 
the  body  with  which  they  are  in  contact. 

2nd.  The  loss  of  electricity  that  a  body  expériences,  by 
the  contact  of  the  air,  is  influenced  by  the  bodies  that 
are  in  its  présence,  and  varies  with  the  electric  state  of 
thèse  bodies.  Thus  the  smallest  loss  occurs,  when  the 
electrised  body  is  in  présence  of  a  body,  which  possesses 
an  electricity  contrary  to  its  own  ;  it  is  more  considérable 
when  the  body  in  présence  is  not  electrised,  and  is  in  com- 
munication with  the  ground,  and  especially  when  the  two 
bodies  hâve  the  same  electricity.  In  order  to  perform  those 
experiments,  the  electrised  bail,  that  is  withdrawn  from 
the  balance,  is  placed  for  ten  minutes  either  so  that  it 
is  insulated  in  the  air,  or  in  présence  of  an  insulated  métal 
sphère,  charged  sometiraes  with  the  same,  at  other  times  with 
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the  contrary  electricity,  or  in  the  centre  of  a  métal  sphère 
in  communication  with  the  ground. 

The  following  is  the  Table  of  the  experiments  made  in  this 
manner,  in  air  having  the  same  température  and  the  same 
degree  of  humidity. 


Numberofthe 

Distance  of 

Torsion  of  the 

Afterten 

Distance  of 

Torsion  of  the 

BxperimeoU. 

the  Balls. 

Micrometer. 

Minutes. 

theBalli. , 

Micrometer. 

1 

20° 

188° 

10 

20° 

105° 

2 

20 

188 

10 

20 

136 

3 

20 

188 

10 

20 

96 

4 

20 

188 

10 

20 

164 

5 

20 

188 

10 

20 

85 

6 

20 

188 

10 

20 

162 

7 

20 

198 

10 

20 

131 

8 

20 

198 

10 

20 

169 

9 

20 

102 

10 

20 

25 

10 

20 

102 

10 

20 

67 

We  hâve  merely  to  compare  together  the  résulte  given 
in  the  preceding  Table,  and  we  shall  hâve  the  démon- 
stration of  this  proposition.  In  the  first  experiment,  the  bail 
was  left  in  the  air  for  ten  minutes  ;  and  in  the  second  it 
was  placed  for  the  same  length  of  time,  in  the  centre  of 
a  hollow  sphère  of  métal,  which  was  in  communication  with 
the  ground.  This  sphère  was  4  inches  in  diameter,  and 
the  bail  was  introduced  through  an  aperture  of  1  inch. 
In  the  third  experiment,  the  bail  remained  for  ten  minutes 
in  présence  of  an  insulated  métal  bail  |  in.  in  diameter.  The 
centres  of  the  two  balls  were  at  a  distance  of  4 J  in.  In 
this  experiment,  the  two  balls  possessed  the  same  electricity  ; 
whilst,  in  the  fourth,  the  large  bail  was  charged  with  a 
contrary  electricity  to  that  of  the  bail  of  the  balance.  In 
the.  fifth  and  sixth  experiment,  the  opérations  were  of  the 
same  kind  as  in  the  third  and  fourth.  In  the  seventh 
experiment,  the  bail  of  the  balance  was  in  the  air;  whilst 
in  the  eighth  the  bail  was  in  the  centre  of  the  métal  sphère» 
In  the  ninth  and  tenth  experiments,  the  opérations  were 
conducted  in  the  same  manner. 

3rd.  The  loss  of  electricity  in  pure  gases,  deprived  as 
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much  as  possible  of  aqueous  vapours,  is  independent  of  its 
intensity,  and  is  consequently  constant,  at  least  for  quantities 
of  electricity  comprised  within  certain  limits.  This  law 
differs  from  that  found  by  Coulomb,  when  operating  in  air 
more  or  less  xnoist,  and  which  consisted  in  this  loss,  in  a 
given  time,  being  always  in  the  same  proportion  of  the  total 
quantity  of  electricity.  It  was  by  taking  every  possible 
précaution  to  operate  in  air  and  in  gases,  perfectly  dried  by 
means  of  phosphoric  acid,  and  by  multiplying  the  experiments 
made,  either  according  to  Coulomb's  method,  or  according 
to  a  method  slightly  differing,  that  Matteucci  bas  obtained  the 
loss  of  electricity  in  a^minute, —  that  is,  in  the  unity  of  time. 
We  shall  not  introduce  hère  *the  tables  of  the  results,  which 
show  that,  notwithstanding  the  différences,  that  are  in  every 
respect  small,  and  that  are  inevitably  due  to  errors  of  experi- 
ment,  the  loss  of  electricity  is  constant  The  experiments 
were  made  by  means  of  the  two  electrised  balls,  the  répulsive 
force  of  which  was  measured,  either  by  bringing  them  to  the 
same  distance,  according  to  the  process  of  Coulomb,  or  by 
holding  them  at  a  variable  distance.  In  this  latter  case, 
the  loss  is  found  to  be  greater,  when  the  distance  is  less,  which 
agrées  with  the  second  law  found  above. 

4th. — The  loss  of  electricity  is  the  same  in  air,  in  hydro- 
gen,  and  in  carbonic  acid  gas,  ail  being  very  dry,  and  taken  at 
the  same  température  and  at  the  same  pressure.  The  experi- 
ments that  hâve  led  to  this  resuit  were  made  at  températures 
varying  from46°-4  to  510,8  ;  days  were  selected,  in  which  the 
atmosphère  was  very  dry  ;  a  vacuum  was  made  in  the  globe 
of  the  balance,  care  being  taken  on  each  occasion  of  opera- 
ting with  a  new  gas,  to  renew  the  phosphoric  acid,  that  is 
placed  in  it,  and  then  to  inject  the  gas  by  introducing  it  very 
slowly  through  a  Liebig's  tube,  filled  with  concentrated  sul- 
phuric  acid. 

5th. — The  loss  of  electricity,  which,  in  dry  and  pure 
gases,  is  in  gênerai  the  same  for  positive  as  for  négative  elec- 
tricity, becomes  more  rapid  for  négative  than  for  positive 
electricity,  when  the  electric  charges  are  very  strong.  This 
important  proposition,  which  had  already  been  pointed  out 
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by  Belli,  and  whicb  confirma  other  facts  relating  to  discharges, 
that  we  shall  study  presently,  is  established  by  a  séries  of  ex- 
périmente, made  by  electrising  the  two  balls  of  the  balance, 
sometimes  with  positive,  sometimes  with  négative  electricity. 
We  wait  till  the  movable  needle  stops  at  a  certain  number  of 
degrees,  1 5°  for  instance,  and  the  time  is  thetrnoted  by  a  chro- 
noineter  ;  then  at  the  end  of  a  certain  time,  ten  minâtes  for 
instance,  which  is  the  interval  of  time  between  the  two  obser- 
vations, the  thread  is  very  slowly  untwisted  through  the 
number  of  degrees  necessary  for  bringing  the  needle  back  to 
1 5°.  The  foilowing  Table  shows  how  much  the  torsion  reqnired 
to  be  diminished  under  the  same  circnmstances  for  négative 
as  well  as  for  positive  electricity  ;  whence  it  may  be  con- 
cluded,  that  for  comparatively  high  electric  charges,  the  loss 
in  air  was  much  greater  for  négative  than  for  positive  elec- 
tricity. 


Torsion  and  Are  of  Répulsion. 

Torsion  and  Arc  of  Rapolekm. 

Positive  Electricity. 

Positive  Electricity. 

140°+ 15° 

117  +15 

90  +15 

35  +15 

127°  +  15° 

107   +15 

75  +15 

27+15 

Négative  Electricity. 

After  Ten 

Minutes. 

Négative  Electricity. 

140°  +  15° 

117  +15 

90  +15 

35+15 

90° +  15° 
66  +15 
60  +15 
12  +15 

6th. — The  loss  of  electricity  in  dry  air  increases  with 
the  température.  The  experiments  intended  for  the  esta- 
blishment of  this  law  can  only  be  made  within  very 
restricted  limits  of  température,  between  32°  and  64°-4  ;  for 
even  above  58°,  the  élévation  of  température  diminishes  the 
insulating  property  of  stems  of  gum-lac  itself.  However, 
even  within  thèse  limits,  the  influence  of  température  over 
the  insulating  power  of  very  dry  air  is  very  sensible.  Tiras 
at  64°-4  the  loss  of  the  electricity  of  the  insulated  bail  was 
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vfo  ;  whilst  at  32°  it  was  only  T}T,  that  is  to  say,  only  the 
half. 

7th. —  The  loss  of  electricity  in  dry  air  diminishes 
with  the  diminution  of  the  density  of  the  air.  Thus  the  di- 
vergence of  an  electroscope  in  rarefied  air,  at  *118  inches  of 
pressure,  was  the  same  at  the  end  of  two  days  as  at  the  com- 
mencement of  the  experiment  ;  which  could  not  possibly  be 
obtained  with  air  of  a  greater  density.  This  experiment 
seems  plainly  to  prove  that  the  electricity  escapes  by  the  par- 
ticles  themselves  of  the  air;  for,  the  less  there  are  of  them,  the 
less  rapid  is  the  escape.  We  hâve  only  to  remark  that  the  ab- 
solate  qaantity  of  electricity  that  can  remain,  on  the  surface  of 
an  insnlated  conducting  body,  without  escaping  in  the  state  of 
tension,  is  much  less  when  the  air  is  rarefied  than  when  it  is 
under  a  higher  pressure.  M.  Matteucci  concludes  from  this, 
that  in  a  perfect  vacunm  there  would  be  no  electricity  retained 
on  the  surface  of  the  conducting  body  ;  we  shall  see,  further 
on,  the  extent  to  which  this  conclusion  may  be  admitted. 

8th. —  The  loss  of  electricity  in  air  taken  at  a  constant 
température  and  pressure,  increases .  with  the  quantity  of 
vapour  of  water  contained  in  this  air  ;  but  not,  as  Coulomb 
had  imagined,  according  to  a  simple  law.  It  is  only  in  air  that 
contains  very  great  quantities  of  the  vapour  of  water,  that 
the  loss  is  found  approximately  prbportional  to  the  tension  or 
to  the  quantity  of  vapour  of  water,  whatever  the  température 
may  be.  A  very  remarkable  thing  is,  that  the  présence,  in  very 
dry  air  of  other  vapours,  such  as  those  of  camphor,  of  certain 
essential  oils,  and  even  of  sulphuric  ether,  exert  no  influence 
over  the  loss  of  electricity. 

M.  Matteucci,  in  the  important  work,  by  which  he  was  led 
to  the  résulta  that  we  hâve  been  relating,  had  endeavoured  to 
détermine  the  influence  that  may  be  exerted  over  the  loss 
of  electricity  by  the  nature  of  the  electrised  body.  Like 
Coulomb,  he  had  not  found  any  différence  in  this  respect 
between  métal  balls  or  dises,  or  gum-lac  balls  or  dises  ;  sub- 
ject,  however,  to  one  condition,  which  is,  that  gum-lac  must 
be  electrised  by  the  spark  from  a  machine  ;  for,  if  it  is  elec- 
trised by  friction,  there  is  a  constant  différence,  which  is  very 
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probably  due  to  the  electricity,  instead  of  being  upon  the 
surface,  as  in  the  former  case,  penetrating  more  deeply,  and 
consequently  not  being  able  to  escape  so  easily. 

After  having  studied  the  laws  of  slow  propagation,  or  loss 
of  electricity  in  gases,  let  us  now  turn  our  attention  to  those 
to  which  is  subjected  the  rapid  propagation,  that  may  be 
brought  about,  either  by  discharges,  or  in  a  continuons  manner 
under  the  form  of  a  current 

It  is  well  known  that  when  the  conductor,  charged  with 
one  or  other  of  the  two  electricities,  is  terminated  in  a  point, 
this  electricity  escapes  with  facility  into  the  air.  This  pro- 
perty  of  points,  to  which  we  hâve  already  directed  attention, 
is  founded  upon  the  great  density  that  electricity  acquires  at 
points,  in  virtue  of  the  laws  of  its  distribution.  It  may  be 
diminished  or  even  annulled,  if  the  point  is  placed  in  the 
interior  of  a  hollow  conductor;  for  example,  if  a  point, 
which  is  fixed  upon  au  insulated  and  electrised  métal  dise,  is 
situated  in  the  middle  and  in  the  axis  of  a  hollow  métal 
cylinder  more  elevated  than  itself,  and  which  itself  rests  npon 
the  dise.  When  once  the  electricity  is  accumulated  at  the 
point,  it  escapes,  and  is  propagated  by  determining  in  the 
air  a  very  violent  mechanical  movement,  which  is  pro- 
bably due  to  the  repulsion  exercised  by  the  point  upon  the 
particles  of  air  in  contact  with  it,  to  which  it  has  commu- 
nicated  its  electricity.  Bodies  in  combustion,  and  especially 
fiâmes,  exercise  the  same  effect  as  points.  If,  for  instance, 
two  métal  dises  are  placed  one  beneath  the  other,  the  lower 
communicating  with  the  pôle  of  a  dry  pile,  by  which  it  is 
electrised,  and  the  upper  with  an  electroscope,  we  hâve 
merely  to  place  in  the  former  a  fragment  of  German  tinder  in 
a  state  of  incandescence,  in  order  that  the  electroscope,  which 
is  connected  with  the  latter,  shall  diverge  violently.  The 
German  tinder  therefore,  in  this  case,  acts  like  a  point,  for 
its  effect,  like  that  of  the  point,  may  be  annulled,  by  sur* 
rounding  it  with  a  hollow  cylinder  ;  and  this  proves  that  it 
is  not  the  smoke  that  carries  away  the  electricity,  for  it  con- 
tinues to  rise  as  at  the  first  in  a  thick  column  towards  the 
upper  dise.     The  influence  of  incandescent  German   tinder 
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is  as  much  felt  in  discharging  the  lower  dise,  as  in  charging 
the  upper.  It  acts  in  an  equal  degree  from  above  down- 
wards,  as  from  below  upwards. 

Riess  has  made  a  great  number  of  expérimente  on  this  sub- 
ject,  by  employing  a  cotton  wick,  and  lighted  tapers  ;  but  in 
order  to  escape  from  the  disturbing  influence  of  the  smoke, 
he  fonnd  it  préférable  to  employ  a  préparation  of  saltpetre 
and  carbon,  united  together  with  astringent  gum,  so  as  to 
make  tapers  of  abont  an  inch  in  length.  He  has  thus  proved 
the  influence  of  conducting  envelopes,  which  prevent  the  in- 
candescent body  from  discharging  the  electricity  of  the.  dise 
upon  which  it  rests,  and  of  charging  the  dise  that  is  near  to 
it  ;  and  he  has  established  in  a  decided  manner,  the  complète 
analogy  that  exists  between  the  mode  of  action  of  thèse 
bodies  and  that  of  points.  It  is  therefore  not  by  means  of 
the  products  of  their  combustion,  that  incandescent  bodies 
exercise  their  conducting  property,  but  in  virtue  of  the  par- 
ticular  state  of  their  surface,  which  comporta  itself  as  if  it 
were  covered  with  very  fine  points.  Moreover,  the  action 
of  very  short,  but  very  perfect  points  is  proved  by  an  old  ex- 
periment,  in  which  the  discharge  of  an  electrised  conductor 
is  brought  about  by  presenting  to  it  at  a  distance  a  pièce 
of  tinder  made  from  the  fungus  of  an  oak,  without  there 
being  even  any  need  of  lighting  it  ;  which  is  due  to  the  very 
fine  and  almost  invisible  points,  with  which  the  whole  sur- 
face of  this  species  of  tinder  is  covered.  The  existence  of 
similar  points  in  a  body  in  combustion  is  easily  proved  ;  they 
are  continuously  destroyed  and  renewed. 

In  bodies,  the  combustion  of  which  produce  a  flame,  it  is 
the  email  filaments  of  vapour  and  the  points  of  carbon  that 
conduct  the  electricity,  as  may  be  proved  by  remarking  that 
the  flame  does  not  lose  its  conducting  property  by  being 
surrounded  by  a  métal  tube,  as  occurs  when  the  incandes- 
cent body  loses  its  electricity  by  the  effect  of  the  points 
with  which  it  is  covered.  We  may,  in  a  very  simple  experi- 
ment,  even  see  the  action  of  thèse  two  conducting  portions 
of  the  flame  succeed  each  other  visibly.  If!  a  wax  taper,  that 
is  burning  actively,  be  suddenly  extinguished,  the  vapour 
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contained  by  the  flame  is  seen  to  act  for  a  few  seconds  as  a 
condactor,  then  the  wick,  impregnated  with  melted  wax, 
ceases  to  act  ;  so  that  the  smoke  no  longer  exerts  any  influ- 
ence over  the  electrised  body,  when  brought  near  to  it  Bat 
when  the  wax  ceases  to  reach  the  wick,  the  latter  becomes 
incandescent,  and  then  the  small  points  of  carbon  that  are 
formed  there  conduct  electricity  for  a  brief  moment. 

The  property  of  bodies  in  combustion  of  conducting  elec- 
tricity may  serve  two  important  purposes  ;  the  first,  to  remove 
from  an  insnlating  body  its  electricity,  by  moving  about  it 
a  small  spirit  flame  or  the  point  of  a  lighted  taper;  the 
second,  to  increase  the  sensibility  of  an  electroscope  intended 
for  detecting  a  distant  electricity,  by  placing  upon  it  a  lighted 
body,  which  has  the  power  of  drawing  off  electricity  at  a 
still  greater  distance  than  a  point 

In  ail  that  we  hâve  said  in  respect  to  bodies  in  combustion, 
we  hâve  paid  no  regard  to  the  nature  of  the  electricity  em- 
ployed  :  their  conductibility  is,  in  fact,  the  same  for  both  elec- 
tricities,  providing  the  combustion  is  active  and  perfect,  and 
that  when  German  tinder  and  carbon  are  employed,  the  pré- 
caution is  taken  of  frequently  clearing  from  them  their 
ashes.  If  thèse  précautions  are  not  taken,  it  is  frequently 
perceived  that  one  of  the  electricities  is  more  easily  con- 
ducted  than  the  other,  which  is  due  to  electricity  being  deve- 
loped  in  the  very  act  itself  of  combustion.  It  is  not  until 
we  shall  be  occupied  with  the  actual  sources  of  electricity 
that  we  shall  be  able  to  estimate  the  amount  of  influence  in 
the  conducting  power  of  fiâmes,  that  may  be  due  to  the 
libération  of  electricity,  which  accompany  their  production. 

When  electricity  escapes  by  a  point,  we  hâve  seen  that 
tbis  escape  is  accompanied  by  a  movement  of  the  air,  which 
is  similar  to  that  of  a  slight  breath,  and  which  has  been 
called  the  electric  wind.  This  wind  may  be  rendered  sen- 
sible by  being  directed  against  the  flame  of  a  taper,  against 
the  wings  of  a  small  mill  of  paper,  which  it  causes  to  turn, 
or  against  the  powder  of  licopodium  placed  upon  water, 
which  ît  drives  before  it  It  is  to  this  agitation  of  the  air,  or 
rather  to  the  repulsion  exercised  by  the  electric  current, 
which  traverses  it,  upon  that  of  the  point  whence  it  escapes 


Digitized  by 


Google 


chap.  1.  PROPAGATION  OF   ELECTRICITY.  151 

tbat  the  rotation,  as  we  hâve  seen,  of  the  electric  mill  is  due, 
Indeed,  in  rarefied  air  this  movement  does  not  occur  ;  and 
we  hâve  thus  merely  to  place  the  mill  in  the  middle  of  a 
vessel,  whose  sides,  which  are  very  near  to  it,  are  charged 
with  tbe  same  electricity  as  that  which  is  transmitted  to  it, 
and  the  rotation  at  once  ceases.  The  electric  wind  favours 
the  cooling  and  vaporisation  of  liquida.  This  had  been  long 
ago  remarked  by  seyeral  philosophera;  but  it  was  Feltier 
who  proved  it  in  a  positive  manner.  With  this  view,  he  had 
placed  at  a  distance  of  six  or  seven  inches  above  a  platinum 
vessel  filled  with  water,  a  bail  of  métal  or  bundle  of  wires 
termjnating  in  a  point.  The  water  having  been  heated  about 
156°  or  194°,  visible  vapoors  commenced  arising  from  the  sur- 
face, but  this  cloud  of  vapour  became  much  more  considér- 
able, as  soon  as  electricity  from  a  machine  was  introduced  to 
the  points.  A  sensitive  thermometer,  placed  in  the  water, 
indicated  also  by  its  falling  an  increase  in  the  quantity  of 
vapour  formed.  The  phenomenon  was  not  simply  due  to  the 
renewal  of  the  air  on  the  surface  of  the  heated  liquid  :  Peltier 
satisfied  himself  upon  this  point,  by  artificially  renewing  the 
air  over  this  surface,  by  means  of  a  ventilator;  the  effect  was 
always  less  considérable  than  that  produced  by  the  electric 
wind. 

The  rapid  transmission  of  electricity  through  imperfect 
conductors,  such  as  the  air,  evidently  tends  to  make  the  par- 
ticles  recède  from  each  other  ;  this  is  very  well  seen  when  the 
luminous  brush,  that  is  composed  of  diverging  filaments, 
formed  of  the  small  particles  rendered  luminous  by  the  pas- 
sage of  electricity,  is  studied  in  the  dark.  This  same  tendency 
is  also  observed  in  the  case  in  which  the  imperfect  conductors 
are  liquid.  Thus  Faraday  noticed  that  by  making  the  elec- 
tricity, arising  from  the  conductor  of  an  electric  machine, 
pass  into  sealing-wax,  rendered  fluid  by  heat,  very  fine  fila- 
ments are  detached  from  it,  which  cover  a  pièce  of  paper  placed 
beneath,  like  fine  wooL  A  drop  of  gum-water  suspended 
at  the  extremity  of  a  rod,  by  which  electricity  reaches  it,  ré- 
solves itself  into  detached  threads,  when  plunged  into  essence 
of  turpentine,  .itself  placed  in  a  vessel,  the  métal  bottom  of 
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which  allows  of  the  escape  of  the  electricity.  À  drop  of 
mercury  or  of  chloride  of  calcium  elongates  itself  and  becomes 
pointed,  and  minute  drops  are  detached  from  it,  which  are 
drawn  by  the  electricity  into  the  air,  wherein  the  experi- 
ment  is  made.  By  employing  a  drop  of  gum-water,  Tery 
various  phenomena  are  observed,  according  to  the  force  of  the 
electricity  that  reaches  it  At  first  the  drop  is  transformed 
into  a  cône  ;  then,  in  proportion  as  the  electricity  increases  in 
intensity,  a  part  of  the  liquid  is  seen  to  be  drawn  onward,  the 
rest  becomes  more  pointed  and  acquires  a  rugged  surface, 
with  the  noise  peculiar  to  electric  brushes;  finally,  with  a 
more  powerful  electrisation,  a  more  considérable  portion  of 
the  liquid  is  drawn  onward,  the  remaining  drop  elongates 
itself  and  draws  back  by  fits,  forming  a  very  luminous  brush. 
When  négative  electricity  is  made  to  reach  the  drop  of  gum- 
water,  the  cône  that  is  formed  is  larger  than  with  positive. 

An  old  experiment,  of  the  same  kind  as  the  preceding,  and 
which  is  due  to  Nollet,  consists  in  placing  water  in  a  métal 
funnel,  furnished  with  a  few  capillary  openings,  and  com- 
municating  with  the  electric  conductor.  The  water  passes 
through  merely  in  isolated  drops  and  in  a  rounded  fonn  ; 
whilst,  as  soon  as  the  funnel  ifikelectrised,  it  cornes  ont  in  very 
fine  and  continuous  diverging  jets,  which  are  luminous  in  the 
dark. 

More  frequently,  instead  of  occurring  in  a  slow  and  con- 
tinuous manner,  the  rapid  propagation  of  electricity  through 
air  and  gases,  occurs  in  an  instantaneous  and  sudden  manner 
by  discharges.  The  distance  at  which  this  discharge  can 
occur,  and  which  is  termed  the  explosive  distance  or  lirait,  for 
the  same  intensity  of  electric  discharge,  dépends  upon  the 
density  and  nature  of  the  aeriform  médium.  Harris  has  found, 
by  various  experiments,  that  the  quantities  of  electricity, 
necessary  for  traversing  a  given  interval,  vary  in  a  simple 
ratio  with  the  density  of  the  air,  and  that  consequently  the 
explosive  limit  in  rarefied  air  is  inversely  as  the  density  of  the 
air;  from  which  it  follows  that  the  same  discharge  can 
traverse  an  interval  of  air  of  double  the  length,  when  the 
density  of  the  air  has  been  reduced  one  half.  If  air  contained 
in  a  close  vessel  is  heated  even  to  300°,  no  variation  occurs  m 


Digitized  by 


Google 


ckap.  i.  PBOPAGATION  OF  ELECTBICITY.  153 

the  explosive  limit  ;  whilst  if  the  vessel  is  allowed  to  be  open, 
it  is  sensibly  increased  ;  whîch  proves  that  it  is  not  the  pressure 
of  the  electric  fluid,  but  the  number  of  particles,  whîch  is  the 
determining  cause  of  the  greater  or  less  difficulty  experienced 
by  the  electric  charge  in  traversing  it.  Knockenhauer,  by  a 
séries  of  expérimenta  in  which,  leaving  the  explosive  distance 
constant,  he  determined  the  density  of  the  electricity,  necessary 
for  obtaining  the  'electric  discharge  in  différent  degrees  of 
density  of  the  air,  found  that  thèse  two  densities  were  almost 
proportional  to  each  other  ;  a  resuit  that  was  also  obtained 
by  Masson,  by  means  of  a  slightly  différent  method. 

But  of  ail  philosophera,  Riess  is  the  one  who  has  made  the 
most  conscientious  study  of  this  subject.  We  shall  defer  to 
a  final  note  the.detailed  exposition  of  the  methods  and  calcula- 
tions  by  which  Riess  succeeded  in  establishing  the  laws  that 
regulate  the  discharge  of  electric  batteries*  ;  we  shall  confine 
ourselves  for  the  présent  to  giving  the  formula,  by  which  he 
expressses  the  value  of  the  explosive  limit     This  formula  is 

d=zb-tb  being  the  explosive  distance  for  the  charge  taken 

as  unity,  d,  the  explosive-  distance  for  the  quantity  q,  of  elec- 
tricity, and  *,  the  size  of  the  surface  of  the  battery,  upon 
which  the  electricity  is  accumulated,  or  the  number  of  jars, 
of  which  the  battery  is  composed.  In 
order  to  demonstrate  by  experiment  the 
accuracy  of  the  formula,  Riess  employs 
an  apparatus,  which  he  named  spark-mi- 
crometer  ;  and  which  consista  {Fig*  185.)  of 
two  vertical  insulated  métal  rods,  each 
terminated  by  a  bail  ;  one  of  the  rods  is 
fixed,  the  other  is  moved  by  means  of  a 
micrometer  screw,  which  allows  of  the 
exact  measurement  of  the  distance,  to 
which  the  two  balls  must  be  brought  in 
respect  of  each  other,  in  order  that  the 
Fig.  185.  discharge    shall    occur    between    them. 


*  Vide  the  final  note  C. 
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One  of  the  balls  of  the  instrument  communicates  by  a  wire 
with  the  inner,  the  other  with  the  onter  coating,  which  is  also 
pat  in  communication  with  an  electrometer.  In  a  first  ex- 
périment,  the  balls  of  the  micrometer  were  at  a  distance  d  = 
±  1  ;  that  is,  the  distance  1  in  the  following  Table  ;  the 
battery  composed  of  s  jars  was  charged  until  the  dis- 
charge occurred,  and  the  electrometer  indicated  the  value 
of  the  quantity  q,  of  the  electricity  emplbyed.  The  value 
of  the  constant  b,  was  tbus  found,  which  gave  q  =  0*833 
s  <L  Now,  the  following  Table  gives  for  the  différent  values 
of  d,  and  s,  the  correspondîng  values  of  q,  observed  directly 
and  calculated  according  to  thîs  formula. 


d. 

2*. 

3*. 

A$. 

bs. 

oS«. 

Cale. 

Obi. 

Cïic. 

oSi. 

cïic. 

.06. 

9- 

Cale 

1 
2 
3 
4 
5 

»» 

3- 

4'6 
64 
75 

»» 
3*3 
5-0 
67 
8-3 

30 

55 

70 

103 

2-25 
50 
75 
100 

35 

70 

101 

135 

160 

3-3 

6*7 

10-0 

13-3 

16-7 

43 

8*5 
12-5 
160 

i» 

4-2 

83 
12-5 
167 

The  agreement  of  calculation  with  observation  very  well 
shows  the  accuracy  of  the  formula,  It  is  évident  that, 
when  once  the  constant  b  is  given  and  without  recourse  to  the 
electrometer,  we  are  able  to  détermine  very  exactly,  by 
means  of  this  formula,  the  quantity  of  electricity,  with  which. 
the  battery  is  charged,  provided  we  know  the  number  of 
jars  or  the  surface  8,  of  the  battery,  and  the  striking 
distance  d,  furnished  by  the  spark-micrometer. 

Expérimente,  made  with  différent  gases,  had  shown  Doe- 
berainer  that  the  explosive  distance  is  less  in  proportion  as 
the  gas  itself  possesses  greater  density.  Schaffautl  had 
found,  in  hydrogen  compressed  and  heated  to  536°  in  a  close 
vessel,  that  this  distance  was  greater  than  in  ordinary  air, 
the  pressure  of  which  however  was  twenty-seven  times  less. 

Thèse  différences  between  the  various  gases  had  already 
been  pointed  out  by  Morgan  at  the  end  of  the  last  century. 
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He  had  remarked  the  relation  that  exista  between  the  ex- 
plosive distapce  and  the  charge  of  the  battery  ;  and  that,  for 
a  given  charge,  hydrogen  furnishes  the  greatest  explosive 
distance,  and  muriatic  acid  gas  theleast.  Faraday,  not  very 
long  ago,  took  up  the  study  that  had  been  touched  upon  by 
Morgan:  his  method,  without  being  rigorons,  led  to  approxi- 
mate  results,  which,  if  they  do  not  présent  a  mathematical 
précision,  at  least  enable  us  to  classify  the  différent  gases 
into  the  order  of  their  permeability  by  the  electric  discharge. 
The  conductor  of  an  electrical  machine  must  be  pat  into 
communication  with  an  apparatus,  consisting  of  two  métal 
balls,  between  which  the  spark  must  pass,  when  traversing 
ordinary  air,  and  at  the  same  time  with  a  similar  apparatus 
placed  in  the  interior  of  a  receiver,  in  which  a  vacuum 
can  be  made,  and  into  which  various  gases  can  be  introduced 
(Fig.  186.).     The  two  balls  of  the  apparatus,  that  are  placed 


Fig.  186. 

within  the  receiver,  are  at  a  constant  distance  of  0*62  in.  from 
each  other,  whilst  the  mutual  distance  of  the  two  balls  that 
are  placed  in  the  air,  can  be  diminished  or  increased,  so  that 
the  electric  spark  passes  by  one  or  other  of  the  two  paths 
that  are  open  to  it,   or  is   divided  equally  between  them. 
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Faraday,  by  introducing  the  gases  successively  into  the  re- 
ceiver,  determined  for  each  what  was  the  smallest  distance  at 
which  the  two  balls  that  are  situated  in  the  air,  could  be 
placed  in  respect  of  each  other,  in  order  that  the  spark 
should  still  prefer  to  traverse  the  gas,  and  not  the  air  ;  and 
also  the  greatest  distance  that  could  be  given  to  them  with- 
out  the  spark  ceasing  to  pass  through  the  air,  in  préférence 
to  the  gas.  Between  thèse  two  distances,  the  spark  must  divide 
itself  between  the  air  and  the  gas  ;  by  taking  the  mean  of 
this,  we  obtain  for  each  gas  the  vaine  of  the  explosive  dis- 
tance in  the  air,  équivalent  to  that  of  the  gas  ;  which  is  always 
at  0*62  in.  Since,  on  the  other  band,  the  quantities  of  electri- 
city, that  pass  in  the  air  between  the  balls,  are  proportional 
to  the  distances  of  thèse  balls,  we  are  enabled  to  discover,  by 
means  of  thèse  distances,  the  quantity  of  electricity  that  is 
necessary,  in  order  to  traverse  the  same  explosive  distance  in 
each  gas.  By  this  process  it  is  found  that,  under  the  same 
pressure  and  at  the  same  température,  this  quantity  is 
greatest  for  hydrochloric  acid  gas,  and  least  for  hydrogen  ; 
so  that  with  the  same  quantity  of  electricity,  the  spark  would  be 
longest  in  hydrogen,  and  shortest  in  hydrochloric  acid  gas,  — 
a  resuit  in  conformity  with  what  had  been  discovered  by 
Morgan. 

The  gases,  that  were  subjected  to  experiment,  had  ail 
been  carefully  dried,  and  were  ail  at  the  same  température 
and  under  the  atmospheric  pressure.  The  following  is,  for 
instance,  a  table  in  which  at  the  side  of  each  gas  is  indicated 
the  mean  explosive  distance  of  the  two  balls  in  air,  équivalent 
to  the  constant  explosive  distance  of  the  gases.* 

Hydrochloric  acid  -  -  -  .  -1*105 

Olefiantgas        ......    0*750 

Ordinarj  air       .....  0*695  + 

*  The  distances  are  expressed  in  inches  and  fractions  of  an  inch,  and  the 
constant  distance  of  the  two  balls  in  the  receivers,  into  which  the  gases  were 
successively  introduced,  was  0*62  in.  - 

t  It  does  not  appear  to  me  that  this  resuit  can  be  admitted  ;  for  the  explosive 
distance  for  air  in  the  receivers  should  be  equal  to  that  of  air  out  of  the  re- 
ceivers, namely,  0*62  in.  ;  for  it  is  the  same  air  under  the  same  pressure  and  the 
same  température. 
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Carbonic  acid  gas  .....  0640 

Nitrogen  -  -  -  -  -  -  0615 

Oxjgen  -  -  -  -  -  0-505 

Oilgas-  -  -  .  .  .  .  0-490 

Hydrogen  .......  0*370 

In  Faraday's  expérimente,  the  two  balls  that  are  put  into 
communication  with  the  conductor  of  the  electrical  machine, 
and  placed  one  in  the  gas  and  the  other  in  the  air,  were 
of  the  same  size,  bat  had  a  diameter  of  abont  one-half  less 
than  that  of  their  two  corresponding  balls,  that  were  in  com- 
munication with  the  ground.  It  followed  from  this,  that 
if  the  conductor  of  the  machine  were  charged  with  négative 
instead  of  being  with  positive  electricity,  as  in  the  above  ex- 
périmenta, the  explosive  distances  in  the  air,  équivalent  to 
those  of  each  of  the  gases,  were  ail  a  little  less  ;  but  the  order 
of  the  gases  was  not  altered  by  the  change,  except  that  the 
différence  between  hydrochloric  acid  and  olefiant  gas  became 
almost  null. 

The  expérimenta  that  we  hâve  described,  as  Faraday  him- 
self  has  remarked,  are  far  from  possessing  the  accuracy 
that  would  be  necessary  before  any  great  importance  could 
be  attached  to  the  numbers  of  the  above  Table  ;  for  unexpected 
circumstances  very  frequently  cause  them  to  vary  through 
very  considérable  limita  ;  thus  a  little  dust,  a  little  more  or  a 
little  less  moisture  in  the  air,  would  modify  the  direction  and 
the  length  of  the  spark,  under  conditions  apparently  the  same. 
Nevertheless,  thèse  two  important  facts  are  deduced  from  the 
inspection  of  the  Table:  —  the  first  is  that,  under  the  same 
pressure,  and  at  the  same  température,  the  various  gases  re- 
quire  différent  changes  of  electricity,  in  order  to  be  traversed 
by  the  spark  through  a  path  of  the  same  length  ;  the  second, 
that  thèse  différences  are  not  simply  due  to  the  density  of  the 
gas,  but  also  to  its  nature  ;  since  olefiant  gas,  less  dense  than 
oxygen,  and  especially  than  carbonic  acid,  requires  a  stronger 
charge.  We  hâve  only  to  regret  that  the  différence  of  the 
diameter  of  the  balls  has  introduced  an  extraneous  élément 
into  the  study  itself  of  the  phenomenon,  which  is  thus  found 
to  be  a  little  complex. 
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We  see,  (rom  what  has  gone  before,  that,  as  far  as  the 
propagation  of  electricity  in  gases  is  concerned,  a  distinction 
must  be  made  between  tbe  case  of  slow  propagation  or  loss, 
and  that  of  rapid  propagation  or  discharge.  In  the  former 
case,  indeed,  the  density  of  the  gas  or  the  number  of  its 
particles,  is  a  circumstance  favonrable  to  the  propagation  ; 
and  the  nature  of  the  gas  has  little  or  no  influence.  In  the 
latter,  the  density  of  the  gas,  on  the  contrary,  is  an  unfavour- 
able  circumstance,  and  the  nature  of  the  gas  has  a  very 
decided  influence.  Moreover,  in  the  latter  case  there  is  a 
movement,  an  agitation  in  the  air,  which  indicates  that  its 
displacement  is  necessary  to  the  propagation  ;  and  that  con- 
sequently,  far  from  facilitating,  its  présence  opposes  it 
The  same  things  happen  when  rapid  propagation  occurs 
under  the  form  of  a  continuous  current,  instead  of  Jbeing 
brought  about  by  discharges.  M.  Colladon  and  myself  hâve 
satisfled  ourselves  upon  this  point,  by  causing  static  elec- 
tricity  accumulated  and  constantly  restored  upon  an  insu- 
lated  conductor,  to  pass  in  the  form  of  a  current,  according 
to  the  plan  contrived  by  M.  Colladon  himself *,  through 
common  air,  taken  at  différent  state  of  density,  température, . 
and  humidity.  We  employed  a  glass  globe  about  9  in.  in 
diameter,  fitted  up  with  two  necks,  in  the  same  diameter. 
We  passed  through  one  of  the  necks.  an  insulated  métal 
rod,  terminated  in  the  interior  of  the  globe  by  a  platinum 
bail,  and  communicating  exteriorly  with  the  electrised.  con- 
ductor ;  the  other  neck  was  traversed  by  a  similar  rod,  but 
terminated  interiorly  by  a  platinum  point  *  maintained  at 
about  J  in.  distance  from  the  bail,  and  extending  exteriorly 
to  one  end  of  the  well-insulated  wire  of  a  galvanometer,  the 
other  end  of  which  was  in  communication  with  the  ground. 
By  operating  carefully  we  were  satisfled  that  in  air  rarefied 
to  £j  or  TV  in.,  the  needle  of  the  galvanometer  experienced 
as  strong  a  déviation  when  the  platinum  point  and  bail 
were  at  a  distance  of  2  in.  as  when  they  were  in  contact 
with  each  other  ;  the  déviation  was  55°  in  both  cases,  whilst 

•  VoLI.  p.828. 
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it  was  only  35°  in  air  under  the  pressure  of  28*29  in.  In 
another  expérimenta  the  air  having  been  rarefied  and  heated 
to  122°,  the  déviation  was  57°,  whilst  it  was  only  24°  with 
air  under  the  pressure  of  28*7  in.,  at  the  same  température. 
The  distance  of  the  bail  and  point  in  thîs  case  was  5  in.  If 
the  interior  of  the  globe  was  saturated  with  aqueous  vapour 
the  air  in  it  being  very  rarefied,  the  transmission  of  elec- 
tricity  occurred  less  easily  in  it  than  in  very  rarefied  but 
dry  air.  In  fact,  the  globe  being  heated  as  before  to  86°, 
a  déviation  of  55°  was  obtained,  the  point  and  the  bail  being 
at  a  distance  of  2  in.,  and  60°,  when  they  were  in  contact  ; 
whilst  in  very  rarefied  air,  heated  but  dry,  the  déviation 
was  exactly  the  same,  whether  the  bail  and  point  were  in 
contact  or  not. 

M.  E.  Becquerel  obtained  much  more  complète  and  re- 
markable  results,  by  transmitting  the  current  of  one  or  more 
pairs  through  différent  gases.  His  apparatus  consisted  of 
a  platinum  tube,  drawn  through  the  draw-plate  and  witbout 
any  soldering,  25£  in.  in  length,  and  f  in.  in  internai  dia- 
ineter,  sufficiently  thick  for  a  vacuum  to  be  made  within 
it  without  its  being  compressed  out  of  shape,  even  when  a 
portion  of  its  length  was  raised  to  a  red-white  température. 
The  tube  passed  through  a  furaace,  and  was  so  arrangea 
that  it  could  be  brought  to  a  red  heat  along  an  extent  of 
7£  in.  It  was  terminated  at  its  two  extremities  by  plugs 
containing  glass  tubes,  which  allowed  of  the  introduction 
into  the  platinum  tube  of  various  gases,  and  of  tbeir  being 
rarefied  by  means  of  the  air-pump.  A  platinum  wire,  that 
traversed  one  of  the  plugs,  served  as  one  électrode,  the  tube 
itself  serving  as  the  other  électrode.  In  some  cases,  M.  E. 
Becquerel  used  for  électrodes  insulated  platinum  wires, 
which  passed  without  touching  each  other,  in  the  middle 
of  a  porcelain  tube  heated  to  redness.  Every  précaution 
was  taken  that  the  supports  and  the  varions  adjustments 
should  not  be  exposed  to  variations  of  température,  which 
might  hâve  modified  their  insulating  power,  so  that  the  gas 
alone  and  the  électrodes  were  subjected  to  thèse  variations 
in  thèse  différent  expérimenta.     The  expérimenta  were  made 
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by  passing  the  current,  produced  by  one  or  more  of  Grove's 
pairs,  along  the  wîre  of  a  sensitive  galvanometer,  and  throngh 
the  gas  placed  in  the  tube.  The  circuit  also  contained  a 
rhéostat,  consisting  of  a  liquid  column  of  very  small  dia- 
meter,  which  might  be  lengthened  or  shortened  by  thrusting 
a  platinum  wire,  that  serves  as  an  électrode,  to  a  greater  or 
less  depth  into  a  graduated  tube,  in  which  the  column  is 
contained  ;  this  liquid  was  distilled  water  holding  in  solution 
variable  proportions  of  sulphate  of  copper,  according  to  the 
expérimente,  and  the  other  électrode  was  a  plate  of  métal 
placed  at  the  base  of  the  column,  and  in  communication  with 
it.  When  wishing  to  operate,  we  begin,  by  removing  from 
the  circuit  the  gas  that  is  the  subject  of  experiment,  and 
giving  to  the  liquid  column  of  the  rhéostat  such  a  length 
that  the  needle  of  the  galvanometer  should  be  deflected  to 
20°,  for  instance  ;  then,  without  changing  anything,  the  gas 
was  replaced  into  the  circuit,  and  the  end  of  the  platinum 
wire  of  the  rhéostat  was  lowered  until,  by  diminishing  the 
résistance  of  the  liquid  column,  as  much  as  that  of  the 
ciccuit  had  been  increased  by  the  introduction  of  the  gas, 
the  deflection  of  the  needle  was  brought  back  to  what  it 
had  been,  namely  to  20°.  The  intensity  of  the  current 
evidently  remaining  constant,  the  length  of  the  liquid 
column,  comprised  between  the  two  portions  of  the  extremity 
of  the  platinum  wire,  was  équivalent  to  the  résistance  of 
gas  contained  in  the  tube,  increased  by  the  résistance  to 
passage  of  the  two  électrodes,  that  transmitted  the  current 
into  the  gas. 

By  means  of  this  apparatus,  M.  E.  Becquerel  has  esta- 
blished  several  important  facts.  He  first  satisfied  himself, 
that  the  propagation  of  the  current  through  the  gas  could 
not  take  place  before  the  latter  had  attained  to  red-heat;  but 
that,  setting  out  from  this  point,  the  résistance  of  the  gas 
diminished  progressively,  in  proportion  as  the  température 
was  raised  ;  and  that  this  diminution  was  very  rapid,  when 
the  tube  was  strongly  heated  to  red-white.  AU  gases 
présent  the  same  property,  although  in  différent  degrees. 
When  the  tube  and  wire  are  usedfor  transmitting  the  current 
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into  the  gas,  it  is  found  that  the  transmission  is  more  easy 
when  the  tube,  that  is  to  say,  the  more  extended  électrode,  is 
négative,  and  the  wire  positive,  than  in  the  converse  case.* 
With  two  parallel  and  insalated  platinum  wires  for  élec- 
trodes, there  is  no  différence  ;  and  the  transmission  occurs 
with  an  equal  facility,  whether  the  cnrrent  goes  in  one  direction 
or  in  the  other.  On  employing  thèse  two  wires,  placed  at 
y1^  in.  from  each  other,  it  is  found  that  the  résistance  of  air 
heated  to  redness,  is  thirty  thousand  Urnes  greater  than  that  of 
water,  containing  £  a  ten-thousandth  part  of  êulphate  of  copper 
in  solution.  This  résistance  includes  that  which  is  due  to  the 
passage  of  the  electricity  from  the  électrodes  into  the  gas, 
independently  of  that  due  to  the  passage  through  the  gas  itself. 
In  order  to  prove  the  influence  of  the  elastic  force  of  gases 
npon  their  résistance  to  the  passage  of  electricity,  we  hâve 
merely  to  rarefy  the  air  or  gas  contained  in  the  platinum 
tube,  taking  care  to  maintain  the  tube  at  red-heat  The  fol- 
lowing  is  the  resuit  of  an  experiment,  made  with  the  current 
of  a  single  pair,  transmitted  through  air  maintained  at  red- 
heat,  but  gradually  rarefied  to  the  pressure  of  -078  in.  of 
mercury  ;  the  needle  of  the  galvanometer  was  brought  back 
to  the  constant  deflection  of  25°,  by  means  of  the  rhéostat. 


Elastic  force. 

Résistance. 

Ordlnary  Pressure. 
538 
1-59 
•078 

20'9 
M 
4-8 
38 

Even  in  the  case  of  the  greatest  raréfaction,  there  still 
exists  a  very  appréciable  résistance  between  the  two  platinum 
électrodes,  which  is  superior  to  Txïï  of  the  résistance,  presented 

*  Mr.  Andrews,  in  studying  the  conducting  power  of  fiâmes  and  heated  air 
for  electricity,  had  already  found  that  air,  heated  to  redness  by  an  Argand  lamp, 
conducted  the  cnrrent  of  a  pôle  of  twenty  pairs,  only  when  the  positive  pôle 
was  in  communication  with  the  platinum  wire,  placed  within  the  heated  air,  and 
the  négative  with  the  brass  tube  of  the  lamp,  near  the  orifice  from  which  the 
flame  came  ont  ;  in  the  converse  case,  the  current  did  not  psas  ;  the  trans- 
mission of  the  current  was  detected  by  means  of  the  décomposition  of  iodide  of 
potassium. 
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by  heated  air,  at  the  same  température  and  the  ordinary 
pressure* 

A  fact,  worthy  of  especîal  notice,  is  that  the  température, 
at  which  a  gas  begins  to  transmit  the  voltaic  current  is  the 
same,  whether  the  gas  is  rarefied  or  maintained  at  the 
ordinary  pressure;  it  requires  as  elevated  a  température  in 
the  one  as  in  the  other  case;  but,  when once  this  température 
is  attained,  which  is  that  of  nascent  red,  the  différences  be- 
corne  sensible  with  the  variations  of  pressure. 

The  gases  may  be  classified  as  follows,  into  the  order  of 
the  résistance  they  présent  to  the  current  at  red-white 
température,  under  the  pressure  of  the  atmosphère,  the 
électrodes  being  of  platinum,  and  the  résistance  of  the  air 
being  taken  as  unity  :  — 

Hydrogen  (résistance  comprised  between  0*3  and  0*4). 

Proto-carbonated  hydrogen. 

Oxygen  (résistance  comprised  between  0*4  and  07). 

Chlorine  (résistance  not  exceedîng  0*9). 

Protoxide  of  nitrogen,  and  nitrogen  (résistance  very  différent  from  that 

ofair). 
Carbonic  acîd  (résistance  comprised  between  1*2  and  2). 
Vapour  of  water  (résistance  greater  than  the  air). 

Heat,  like  raréfaction,  acts  upon  ail  gases  so  as  to  diminish 
their  résistance  to  the  transmission  of  electricity,  but  this 
diminution  is  not  equal  for  ail;  in  proportion  as  they  are 
heated  and  rarefied,  the  relations  that  express  their  résistance 
to  the  passage  of  tl\e  current,  unceasingly  tend  to  approximate 
to  unity.  When  the  pressure  of  about  -^  in.  of  mercury  is 
attained,  ail  gaseous  substances  transmit  the  current  equally 
well,  provided  their  température  is  the  same.  Heat  acts  in  the 
same  direction  as  diminution  of  pressure;  but  it  possesses 
manifestly  an  action  peculiar  to  itself,  since  at  the  ordinary 
température,  in  the  most  perfect  vacuum  that  can  be  pro- 
duced,  there  is  no  appréciable  transmission  of  electricity, 
whilst  at  red-heat,  electricity  is  able  to  traverse  a  gas,  even 
when  it  is  not  rarefied. 

The  résistance  presented  by  gases,  under  their  différent 
conditions  of  température  and  raréfaction,  to  the  transmission 
of  electricity,  varies  with  the  number  of  pairs  and  with  the 
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intensity  of  the  carrent,  produced  by  the  same  number  of 
pairs.  The  study  that  M.  E.  Becquerel  has  made  of  thèse 
anomalies,  would  seem  to  demonstrate  that  they  are  due  to 
résistances,  experienced  by  the  carrent  in  passing  from  the 
électrodes  into  the  gases,  which  are  variable,  according  to  its 
intenaity. 

M.  £.  BecquereFs  expérimenta  are  of  a  nature  to  confina 
the  remark  that  we  hâve  already  made,  apon  the  différence 
exîsting  in  the  action  of  gaseons  substances,  between  the  case 
of  slow  loss  and  that  of  rapid  propagation  of  electricity.  We 
even  see  that  the  influence  of  the  density  and  of  the  nature  of 
the  gas  is  almost  the  same,  whether  the  rapid  propagation 
occurs  by  discharge  or  by  current;  with  regard  to  that  of 
température,  it  has  not  been  studied  in  the' case  of  discharges  ; 
it  is  very  probable  that  it  would  lead  to  results,  analogoas  to 
those  which  hâve  been  obtained  for  the  case  of  currents. 

It  appears  to  us,  therefore,  to  follow,  from  ail  this  collection 
of  researches,  that  the  fonction  of  air  and  of  gases  is  ex- 
clusively  négative,  in  connection  with  the  rapid  propagation 
of  electricity;  whilst  it  is  positive  when  slow  propagation  or 
loss  is  in  question.  In  this  latter  case,  the  particles  of  the 
gas  are  polarised  by  the  electricity  of  the  body  that  is  placed 
in  the  midst  of  them  ;  and  they  discharge  the  body,  and  dis- 
charge each  other  successively,  more  or  less  slowly,  accord- 
ing to  certain  circumstances,  in  the  same  manner  as  takes 
place  with  particles  of  imperfect  conductors,  whether  solid  or 
liquid.  Thus  the  conditions  of  the  phenomenon  are  the 
same,  whether  the  bodies,  by  means  of  which  the  slow  loss  is 
brought  about,  are  gaseous,  liquid,  or  solid.  It  is,  however, 
possible  that  in  gaseous  bodies,  the  propagation  of  electricity 
is  brought  about  by  a  slight  movement  or  displacement  of 
the  particles,  as  occurs  in  the  propagation  of  heat 

If  the  propagation  is  rapid,  the  tendency  of  the  two 
electricities  to  imite  is  opposed  by  the  présence  of  the  in- 
sulating  particles,  whether  the  médium  be  gaseous,  solid  or 
liquid.  This  reunion,  that  is  to  say,  the  discharge  or 
current,  can  take  place  therefore  only  when  the  particles 
are  separated;  hence  the  breaking    of   solid    bodies,    the 
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movement  and  agitation  of  the  particles  in  liquids  and  in 
gases  ;  hence  also  the  différences  between  différent  substances 
in  regard  to  their  facility  of  allowing  tbe  discharge  to  pass  ; 
the  gases,  whose  particles  are  more  mobile,  allow  it  more 
readily  to  pass,  and  among  them  there  are  also  différences  due 
to  their  différence  of  mobility,  which  is  not  in  relation  with 
their  spécifie  gravity.  The  influence  of  raréfaction  becomes 
no  less  easy  of  compréhension,  when  the  particle  of  gas  is 
no  longer  a  more  or  less  imperfecteonductor,  but  an  obstacle 
to  the  transmission  of  electricity.  Finally,  the  effect  of  tem- 
pérature is  equally  explicable,  if  we  confine  our  attention 
to  considering  it  in  the  solid  électrodes,  chargea  with  the 
contrary  electricities,  and  not  in  the  gases,  where  it  may  be 
considered  as  null,  since  it  is  the  same  whether  the  gas  be 
at  its  ordinary  density,  or  be  rarefied  so  as  not  to  coun ter- 
balance  more  than  *078  in.  of  mercury. 

An  important  fact,  that  must  also  be  referred  to,  before 
leaving  the  subject  of  the  propagation  of  electricity  in  gases, 
is  the  différence  existing  between  positive  and  négative 
electricity,  with  regard  to  their  respective  facility  of  bringing 
about  discharges,  under  similar  circumstances.  We  hâve 
directed  attention  to  this  différence,  as  far  as  concerns  slow 
propagation,  when  relating  Matteucci's  expérimenta.  Belli 
had,  however,  before  Matteucci,  observed  that,  for  equal 
tensions,  négative  electricity  dissipâtes  itself  more  promptly 
than  positive,  the  state  of  the  atmosphère  and  the  arrange- 
ment of  the  apparatus  being  exactly  the  same  ;  he  operated 
by  means  of  a  quadrant  electrometer,  the  balls  of  which  took 
l(Y  2"  to  descend  from  200°  to  10°,  when  they  were  charged 
with  positive  electricity,  and  only  4'  30",  when  charged  with 
négative.  With  regard  to  rapid  transmission  or  discharge, 
we  hâve  long  been  acquainted  with  the  remarkable  différence 
presented  by  the  light,  which  accompanies  it  in  the  form  of 
a  spark,  according  as  the  electrised  surface,  from  which  it 
proceeds  is  positive  or  négative.  But,  independently  of  this 
appearance,  which  we  shall  study  when  directing  our 
attention  to  the  electric  light,  there  is  a  more  gênerai  fact 
established  by  Faraday,  concerning  the  discharge  itself. 
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We  remark,  first,  that,  when  the  discharge  occurs  throngh 
air,  between  two  balls  of  unequal  size,  the  spark  îs  much 
longer  when  the  smaller  of  the  balls  is  the  positive,  and  the 
larger  the  négative,  than  in  the  reverse  case  :  thus,  in  the 
former  case,  it  could  attain  to  eight  or  twelve  inches  inlength, 
and  in  the  latter  to  *8  or  1*2.  There  is  also  an  important  dif- 
férence in  the  length  of  the  spark,  accord  ing  as  the  balls 
receive  the  electricity  directly  frpm  the  source,  that  is  to  say 
are  inducteous,  or  as  they  receive  it  by  induction,  that  is  to  say 
are  induced.  Thus  the  spark  is  twice  as  long,  when  the 
smaller  bail  is  rendered  positive  directly,  as  it  is  when  it  is  so 
by  induction  ;  an  analogous  différence,  although  not  so  great 
in  amount,  may  be  observed,  when  the  bail  is  négative  instead 
of  positive. 

In  order  fairly  to  détermine  the  différent  dëgrees  of  tension 
or  electric  charge,  that  are  acquired  by  the  small  balls,  before 
the  discharge  occurs,  according  as  they  are  positive  or 
négative,  the  following  apparatus  (fig.  187.),  may  be  employed, 
consisting  of  two  métal  forks,  L  and  B,  each  terminated  by 
balls  of  différent  diameters  ;  the  balls  A  and  D,  are  two  inches 
in  diameter,  and  the  balls  B  and  c,  0*2  in.  ;  the  distance 
between  each  of  the  large  and  small  balls  on  the  same  fork  is 
about  a94  inches  ;  the  two  forks  being  movable,  the  intervais 
n  and  o,  may  be  varied  ;  one  of  the  forks  is  placed  in  com- 


<S£> 


Fig.  187. 

munication  with  the  source  of  electricity,  and  the  other  with 
the  ground.  The  intervais  n  and  o,  being  each  one  inch,  and 
the  balls  A  and  B,  being  positive  and  inducteous,  the  discharge 
occurs  at  n,  and  more  frequently  with  a  brush  ;  the  same 
balls  being  still  inducteous,  but  négative,  the  discharge  still 
occurs  at  n,  but  always  with  a  brush.  Hère  the  advantage  is 
in  favour  of  the  small  inducing  bail,  whether  it  be  positive  or 
négative  ;  but  if  the  interval  n  is  made  *86  in.,  and  the  inter- 
val  #62  in.,  the  discharge  also  occurs  between  the  two  inter- 
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vais,  when  A  and  B  are  inducteous  and  positive  ;  when  they 
are  négative,  the  discharge  occurs  in  greater  proportion  at  «, 
which  seems  to  prove  that  the  small  bail  discharges  itself 
more  easily  when  it  is  négative  than  when  positive.  This  ex- 
périment,  and  others  of  the  same  kind,  led  Faraday  to  admit 
that,  of  two  equally  conducting  surfaces,  placed  in  air,  and 
electrised  to  the  same  degree,  the  one  that  is  négative  dis- 
charges itself  at  a  little  lower  tension  than  does  the  one  that  is 
positive;  and  that,  when  the  discharge  occurs,  it  passes  in 
stronger  proportion  from  the  positive  to  the  négative  surface, 
than  from  the  négative  to  the  positive. 

Thèse  différent  effects  are  very  probably  due  to  the  na- 
ture of  the  interposed  dielectric  body,  which  is  in  this  instance 
common  air,  and  to  the  manner  in  which  its  particles  are 
polarised  ;  what  proves  this  is  that  they  vary  with  the  gases, 
that  are  placed  in  the  course  of  the  discharge.  Faraday,  in 
order  to  study  the  influence  of  différent  gases,  arranged  the 
apparatus  of  Fig.  187.  so  that  the  two  forks  might  be  in  a 
receiver,  into  which  the  gas  was  introduced,  and  that  each 
pair  of  balls  might  be  in  communication  exterierly  to  the 
receiver,  as  in  Fig.  186.,  either  with  a  source  of  electricity  or 
with  the  ground.  Upon  operating  in  the  same  manner  as 
with  air, — namely,  by  rendering  a  and  B,  sometimes  positive 
inductors,  at  other  times  négative  inductors — it  is  found  that 
the  small  négative  bail  has  a  decided  superiority  over  the  po- 
sitive bail,  for  determining  the  discharge  in  olefiant  and  in 
carbonic  acid  gas,  whilst  in  nitrogen  and  hydrogen  it  is  the 
reverse. 

The  phenomena  upon  which  our  attention  has  been 
engaged,  are  therefore  intimately  connected  with  the  manner 
in  which  the  propagation  of  electricity  occurs  in  elastic  fluids, 
and  consequently  with  the  effects  that  accompany  their  pro- 
pagation ;  we  shall  also  hâve  occasion  to  return  to  this  in  the 
following  Chapters,  which  are  devoted  to  the  study  of  thèse 
effects.  They  are  to  be  traced  to  the  same  cause,  to  which 
the  différences  observed  by  M.  E.  Becquerel  in  the  facility  of 
the  transmission  of  the  electric  current  through  'gases  are 
due,  according  as  the  positive  electricity  arrives  by  the  pla- 
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tînum  wire  or  tube.  Finally,  when  we  are  studying  the 
phenomena  of  décomposition,  that  accompany  the  passage  of 
dynamic  electricity  through  liquids,  we  shall  see  effects  of  the 
movement  and  transport  of  the  liquids  themselves,  from  the 
positive  to  the  négative  pôle,  which  further  indicate  a  disparity 
in  the  mode  of  action  of  the  two  electricities. 

General  considérations  on  the  mode  of  the  transmission  of  elec- 
tricity, in  bodies  and  in  vacuo;  and  on  certain  molecular  phe- 
nomena, that  are  its  resuit. 

The  study,  that  we  hâve  made  of  the  propagation  of  elec- 
tricity through  solid,  liquid,  and  gaseous  bodies,  and  through 
good,  and  al#o  imperfect  conductors,  naturally  leads  us  to 
distinguish  two  modes  of  transmission.  The  first  occurs  by 
the  intervention  of  bodies,  from  molécules  to  molécules, 
and  more  or  less  rapidly,  according  to  the  degree  of  con- 
ductibility  of  thèse  bodies  and  molécules  ;  this  is  what,  with 
Faraday,  we  hâve  called  conduction,  and  which  is  always  ac- 
companied  .by  molecular  induction.  Ail  bodies  may  therefore 
be  considered  as  conductors  ;  those  which  we  call  insulators 
being  merely  conductors  to  so  feeble  a  degree,  that  they  do 
not  permit  of  a  propagation  of  electricity  of  sufficient  ra- 
pidity  to  admit  of  the  production  of  a  current  ;  there  is 
merely  slow  loss.  The  mode  of  transmission  by  conduction 
may  be  attended  by  calorific  and  chemical  effects;  in  the 
latter  case,  it  constitutes  the  mode  by  electrolysis,  which  is 
only  a  particular  case,  but  which  Faraday,  however,  regards 
as  a  distinct  mode.  The  second  mode  occurs  at  a  distance  ; 
it  is  the  resuit  of  the  tendency  that  is  possessed  by  the  two 
electricities  of  uniting  by  virtue  of  their  mutual  attraction; 
and  it  is  brought  about  the  more  easily,  in  proportion  as  the 
médium,  necessarily  an  insulator,  that  is  interposed  between  the 
two  solid  conductors,  the  positive  and  the  négative,  contains  a 
smaller  number  of  material  particles.  The  most  favourable 
médium,  therefore,  for  this  mode  would  be  a  perfect  vacuum; 
and  ail  expérimenta  seem  to  demonstrate  this.  But  it  by  no 
means  follows  from  this  that  vacuum  is  a  conductor;  for 
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conductibility  supposes  a  succession  of  material  particles,  by 
which  the  electricity  is  propagated  ;  but  we  are  hère  dis- 
cussing  the  transmission  to  a  distance,  without  the  inter- 
vention of  contiguous  particles.  Vacuum,  therefore,  in 
this  case  plays  merely  a  négative  part,  that  is  to  say,  it  is  the 
condition  of  space,  most  favourable  to  the  reunion  of  the  two 
electricities  at  a  distance,  because  it  contains  no  matter  that 
is  opposed  to  this  ;  but  it  does  not  itself  conduct,  as  we  are 
about  to  prove. 

How  is  this  reunion  of  the  electricities  from  a  distance 
brought  about  ?  Is  it  simply  through  the  ether,  and  by  its  in- 
tervention ?  or  does  it  always  occur  by  the  intervention  of 
very  fine  particles,  detached  from  the  électrodes,  charged  with 
the  contrary  electricities  and  transported  from  one  to  the 
other  ?  Faraday  equally  admits  the  two  modes  :  he  calls  the 
former  disruptive  discharge,  because  it  is  brought  about  by 
the  violent  displacement  of  the  particles  of  the  ambient  mé- 
dium, producing  light  under  différent  forms  ;  and  the  latter  he 
calls  discharge  by  convection  or  transport,  because  the  discharge 
occurs  by  means  of  particles  transported,  differing  from  con- 
duction, in  which  the  material  particles  undergo  no  sensible 
movement  I  should  be  disposed  to  belfeve  that  thèse  two 
modes  constitute  but  one,  and  that  even  in  the  cases  where 
the  discharge  is  least  violent,  there  occurs  on  the  small  scale 
what  is  found  on  the  large  in  the  phenomena  of  the  voltaic 
arc,  namely,  a  true  transport  of  very  finely  divided  molécules. 
AU  the  conditions,  such  as  the  heating  of  the  électrodes,  the 
raréfaction  of  gaseous  média,  that  favour  transmission,  are  of 
a  nature  to  facilitate  disintegration  by  electricity,  and  the 
transport  of  small  particles  appertaining  to  the  électrodes.  It 
is  true  that  it  seems  difficult  to  conceive  that  the  electricity  of 
a  single  pair  is  able,  as  M.  Becquerel  has  remarked,  to  hâve 
sufficient  intensity  to  be  transmitted  in  this  manner  ;  but  this 
objection  is  not  peremptory  ;  for  we  shall  see  many  other  ex- 
amples, in  which  the  electricity  of  a  single  pair  is  able,  when 
circumstances  are  favourable,  to  produce  effects  that  corn- 
monly  require  a  pile  of  many  pairs.  But,  in  M.  BecquereFs 
expérimenta,  the  high  température  to  which  the  électrodes  are 
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brought,  and  their  great  approximation,  must  singularly  facili- 
tate  the  production  of  the  effect  that  we  hâve  been  pointing 
out.  JFurther,  we  cannot  conveniently  treat  the  important 
question  that  we  hâve  raised,  until  we  are  in  the  Chapters,  in 
which  we  shall  be  occupied  with  the  calorific  and  luminous 
effects  of  electricity  ;  we  shall  then  be  able  to  examine 
whether  we  must  admit  that  the  two  electricities  are  able  to 
unité  at  a  distance,  without  the  intervention  of  material  par- 
ticles,  or  whether  this  reunion  always  requires  necessarily 
the  présence,  either  of  continuons  matter,  which  constitute 
conduction,  or  of  particles,  transported  between  two  bodies, 
charged  with  the  contrary  electrisation,  which  would  reduce 
the  différent  modes  of  discharge  to  two  alone.  And  it  would 
even  not  be  impossible  for  thèse  two  modes  not  essentially  to 
differ  from  each  other.  In  fact,  what  is  conduction,  if  it  is 
not  a  succession  of  discharges  that  occur  from  molécules  to 
molécules,  at  infinitely  small  distances,  instead  of  being 
brought  about  between  bodies  of  certain  dimensions,  at 
distances  of  finite  extent  ?  Moreover,  in  conduction,  the  dis- 
charge occurs  through  molecular  vacuum,  and  consequently, 
whether  on  account  of  this  circumstance,  or  of  the  small  dis- 
tances by  which  the  molécules  are  separated,  it  is  not  neces- 
sary  that  the  electricity  should  possess  any  great  intensity,  in 
order  that  it  may  be  transmitted.  We  may  also  simply  ask 
if  the  molecular  discharges  occur,  merely  by  the  intervention 
of  the  interposed  ether,  or  if  there  is  a  very  minute  transport 
of  matter  from  one  particle  to  another?  This  question, 
which  is  precisely  the  same  as  the  one  that  we  hâve  raised 
for  discharges  that  are  brought  about  at  finite  distances, 
cannot  be  suitably  discussed,  until  we  are  studying  the  effects 
that  are  produced  upon  bodies  by  the  passage  of  electricity. 
However,  we  may  even  in  this  place  remark  that  the  mole- 
cular altération,  experienced  by  solid  conductors,  that  hâve 
served  a  long  time  for  the  transmission  of  the  current,  and 
which  lias  been  pointed  out  by  M.  Peltier  ;  and  the  chemical 
décompositions,  that  accompany  this  transmission  in  liquids, 
would  rather  seem  favourable  to  the  idea  of  atomic  and  mole- 
cular movement. 
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Thus  then,  to  sum  up.  There  might  be  only  one  mode  of 
propagation  of  dynamic  electricity,  namely,  by  discharges, 
occurring  either  from  molécules  to  molécules,  or  at  distances 
infinitely  small,  or  from  bodies  to  bodies  at  finite  distances, 
succeeding  each  other,  eometimes  in  a  manner  sufficiently 
rapid  to  constitute  the  carrent,  sometimes  too  slowly  to 
assume  this  form.  The  only  question  that  would  remain  for 
solution  would  be  to  ascertain  whether  thèse  discharges 
always  occur  by  the  intervention  of  material  particles, 
or  whether  they  can  eqnally  occur  by  the  intervention  of  the 
ether,  and  without  the  présence  of  pondérable  substances, 
This  is  the  question  that  we  shall  be  called  upon  to  examine 
in  the  subséquent  Chapters  of  this  Fourth  Part,  when  we  shall 
be  engaged  with  the  effects  of  the  propagation  of  electricity, 
after  having  confined  ourselves  in  the  présent  Ghapter  to  pro- 
secuting  a  gênerai  study,  that  shall  be  as  complète  as  possible, 
of  this  propagation  itself. 

We  hâve  now  to  give  direct  proofs  of  the  non-conductibility 
of  vacuum,  that  we  hâve  admitted  in  what  has  gone  before. 
Thèse  proofs  are  very  difficult  to  obtain,  because  it  is  im- 
possible to  deprive  space  entirely  of  ail  pondérable  matter  ; 
there  always  remains  in  the  vacuum  of  the  air-pump,  and 
even  in  the  barometric  vacuum,  a  certain  quantity  of  vapours. 
However,  by  filling  with  mercury  that  has  been  well  boiled, 
a  tube  closed  at  one  end,  and  which  is  plunged  by  its  open 
part  into  a  cup,  also  filled  with  mercury,  we  are  enabled  to 
obtain  at  the  top  of  the  tube  a  very  empty  space,  by  rarefying 
the  air  above  the  mercury  of  the  cup,  which  causes  the 
column  of  mercury  contained  in  the  tube  to  descend.  By 
surrounding  the  empty  part  of  the  tube  with  a  metallic 
coating,  and  electrising  it  as  if  it  were  a  Leyden  jar,  Morgan 
first  saw  the  electric  light  in  the  interior  ;  and  which  seemed 
to  prove  that  vacuum  was  a  conductor,  and  that  it  conducted 
like  an  inner  coating.  But  by  taking  the  précaution 
thoroughly  to  dry  the  mercury  and  the  tube,  he  no  longer 
obtained  any  effect;  and  he  was  able  to  prove  that,  on 
electrising  the  exterior  envelope,  no  trace  of  electricity  was 
developed  in  the  interior.     Erman,  after  having  inserted  a 
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platinum  wire  in  the  top  of  a  barometric  tube,  and  having 
made  in  it  as  perfect  a  vacuum  as  possible,  by  having  the 
mercury  well  boiled,  satisfied  himself,  by  means  of  an  elec- 
troscope, placed  in  communication  with  the  insulated  mercury 
of  the  barometric  réservoir,  that  electricity  which  he  caused 
to  enter  the  platinum  wire,  did  not  arrive  at  the  electroscope, 
and,  consequently,  did  not  traverse  the  empty  space  6^  in.  in 
length,  comprised  between  this  wire  and  the  top  of  the 
column  of  mercury.  Davy,  on  his  part,  had  proved,  by 
means  of  a  small  electroscope,  attached  to  a  platinum  wire, 
which  itself  was  fixed,  as  in  the  preceding  experiment,  at  the 
top  of  a  tube  empty  of  air,  and  resting  by  its  base  on  mercury, 
that  the  balls  of  this  electroscope  diverged,  when  the  end  of 
the  platinum  wire,  with  which  they  were  in  communication, 
was  electrised  exteriorly.  This  divergence,  however,  would 
not  hâve  taken  place,  if  the  electricity  had  been  able  to  pro- 
pagate  itself  through  empty  space.  We  hâve  already  seen  * 
that  Harris  and  Becquerel  hâve  also  maintained  for  several 
days,  the  divergence  of  the  gold  leaves  of  an  electroscope,  by 
placing  it  under  a  receiver,  in  which  the  air  had  been  rarefied 
as  much  as  was  possible,  by  means  of  the  air-pump.  Riess 
made  the  same  observation;  he  even  remarked  that  the 
divergence  of  an  electroscope,  which  had  descended  from 
•51  in.  to  *35  in.,  at  the  end  of  55  minutes  in  the  air  of  a 
receiver,  remained  the  same,  namely,  at  *51  in.  for  68  minutes, 
when  the  air  had  been  rarefied,  until  it  could  support  only 
•39  in.  of  mercury.  It  is  merely  necessary,  in  order  to  the 
maintenance  of  this  divergence,  that  the  electrised  body 
placed  in  the  vacuum,  should  be  at  a  sufficiently  great 
distance  from  every  conducting  body  communicating  with  the 
ground;  otherwise  the  electricity  is  dissipated,  and  a  bluish 
light  is  perceived  between  the  electrised  body  and  the  neigh- 
bouring  conductor. 

We  may,  therefore,  admit  that  an  electrised  body,  sur- 
rounded  on  every  side  by  a  perfect  vacuum,  would  always 
préserve  its  electricity,  provided  it  was  at  a  sufficient  distance 
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from  every  other  body,  so  that  it  could  not  discharge  upon 
it, — a  distance  necessarily  dépendent  upon  the  intensity  of 
its  electricity.  It  follows  from  this  that  electricity  remains 
upon  the  surface  of  conducting  bodies,  so  long  as  it  is  not 
carried  away  by  the  contact  of  particles,  that  are  more  or 
less  conductors,  or  by  the  attraction  exercised  upon  it  by  the 
contrary  electricity  of  a  neighbouhng  body.  We  hère  find  a 
confirmation  of  the  objections  that  we  had  raised  against  the 
property,  that  had  long  been  attributed  to  atmospheric 
pressure, — regarding  it  as  the  cause  that  maintains  electricity 
upon  the  surface  of  conducting  bodies. 

Before  terminating  this  paragraphe  we  hâve  still  to  speak 
of  certain  phenomena  that  are  connected  with  this  action,  by 
virtue  of  which,  electricity,  in  propagating  itself,  and  pro- 
bably  in  order  to  propagate  itself,  displaces,  disaggregates, 
and  frequently  transports  the  particles  of  bodies  ;  in  a  word, 
alters  their  molecular  state.  Thèse  phenomena  are  numerous 
and  varions  ;  and,  although  they  almost  always  accompany 
the  other  effects  of  the  transmission  of  electricity  through 
bodies,  they  must  be  studied  in  a  distinct  manner,  because 
they  are  to  a  certain  extent  independent  of  it,  and  are  some- 
times  distinct  from  it,  and  because  .they  are  connected  in  a 
more  intimate  manner  with  the  very  mode  of  the  propagation 
of  this  agent. 

M.  Fusinieri  has  proved  in  an  évident  manner,  by  a  great 
number  of  expérimenta,  the  transport  of  metallic  molécules 
that  takes  place  from  one  conductor  to  another,  when  the 
discharge  of  a  Leyden  jar,  or  even  the  simple  spark  of  an 
electrical  machine,  is  made  to  pass  between  thèse  two  con- 
ductors. Thus,  particles  of  silver  are  transported  upon 
copper,  and  are  even  able  to  penetrate  it  ;  and  reciprocally, 
copper  is  transported  upon  silver.  Among  the  expérimenta, 
which  prove  that  disaggregated  metallic  particles  are  able, 
undcr  the  influence  of  the  electric  discharge,  to  penetrate 
another  métal,  without  being  arrested  by  it,  we  will  cite  the 
following.  A  dise  of  silver,  well  cleaned,  of  the  thickness  of 
a  sheet  of  cardboard,  and  about  3£  in.  in  diameter,  is  placed 
in  contact  by  its  centre  with  a  gold  bail  '58  in.  in  diameter, 
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which  itself  communicates  with  one  of  the  coatings  of  a  battery 
coniposed  of  two  large  Leyden  jars  ;  the  other  coating  com- 
municates with  a  silver  bail,  which  is  brought  near  enough 
to  the  dise  for  a  spark  to  pass  between  them.  When  several 
discharges  hâve  been  made  to  pass  in  this  way,  a  beautiful 
spot  of  gold,  or  a  very  thin  plate  of  this  métal,  is  observed 
upon  the  surface  of  the  silver  dise,  from  which  the  spark  pro- 
ceeded,  the  formation  of  which  requires  that  gold  shall  hâve 
traversed  the  silver,  without  having  mixed  with  it:  on  the 
other  surface  of  the  silver,  and  precisely  at  its  point  of 
contact  with  the  gold,  a  small  circular  cavity  is  found,  which 
seems  to  présent  certain  traces  of  fusion.  We  also  observe 
that  silver  lias  been  transported  upon  the  gold  ;  but  it  does 
not  extend  so  well  as  the  gold,  which  is  of  ail  metals  the  one 
that  forms  the  largest,  and,  consequently,  the  thinnest  spot, 
probably  on  account  of  its  great  ductility. 

But  the  most  remarkable  effects  of  this  kind  are  those  ob- 
served by  Karsten,  and  by  several  other  philosophers,  and 
designated  by  the  name  of  electric  figures  or  images.  They 
most  not  be  confounded  with  the  figures  or  designs,  that  may 
be  formed  by  electrising  certain  points  of  insulating  plates, 
and  then  powdering  them  with  certain  powders  or  dusts, 
which  reproduce  the  figures  that  had  been  traced  with  elec- 
tricity.  Such  are  M.  Lichtenberg's  figures  in  which  the 
powder  itself  is  electrised,  which  makes  the  images  corne  out 
better,  and  enables  us  to  distinguish  those  that  are  traced 
with  positive,  and  those  that  are  traced  with  négative  electri- 
city.  Such  are  also  the  figures  that  are  obtained  by  covering 
a  plate  with  a  non-electrised  insulating  powder,  and  moving 
normally  over  the  plate  the  point  of  a  métal  rod,  held  in 
communication  with  the  knob  of  a  charged  Leyden  jar.  In 
this  manner,  a  portion  of  the  electricity  passes  to  the  plate, 
another  to  the  powder,  so  that  the  marks  designed  by 
the  point  and  the  powder  are  similarly  electrised,  and 
the  figure  is  thus  traced  by  Unes,  from  which  the  powder  is 
cleared  away.  It  is  by  this  means  that  Wiedemann,  as  we 
hâve  seen  *,  proved  the  différence  of  conductibility,  presented 
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by  certain  crystals,  according  as  electricity  is  propagated  in 
one  direction  or  another.  Thèse  figures  also  furnish  very 
characteristic  différences  between  positive  and  négative  elec- 
tricity ;  and  we  shall  return  to  this,  when  we  are  stndying 
thèse  différences,  and  are  occnpied  with  the  electric  light. 
For  the  présent  our  attention  is  to  be  occnpied  with  electric 
images  of  another  kind,  namely  with  those  that  are  due,  not 
to  a  simple  attraction,  exercised  upon  pulvérulent  substances, 
by  electricity  that  remains  adhering,  according  to  certain 
directions,  to  insulating  plates,  but  to  a  permanent  molecular 
modification,  produced  in  conducting  bodies,  as  well  as  in 
non-conductors,  by  the  effect  of  the  passage  of  the  electricity. 

Moser  had  discovered  in  1842,  the  remarkable  fact  that,  if 
two  bodies  are  in  contact,  or  very  near  together,  they  impress 
their  image  upon  each  other.  Thus  we  hâve  merely  to  place 
a  medal  or  a  pièce  of  money  upon  a  highly  polished  métal  plate, 
and  to  leave  it  there  for  some  time  (about  twenty  minutes), 
in  order  that  this  plate  may  préserve  the  impression  of  the 
medal  or  the  pièce  of  money.  The  effect,  in  this  case,  is  not 
very  marked,  but  it  becomes  much  more  sensible,  if  the  plate 
is  exposed  to  the  vapour  of  mercury  or  to  the  vapour  of  water, 
such  as  is  produced  by  the  breath,  thèse  vapours  condensing 
themselves,  so  as  clearly  to  designate  the  outlines  of  the  image. 
If  the  plate  is  of  silver  and  has  been  iodised,  a  much  more  dis- 
tinct image  is  obtained.  What  is  remarkable  is,  that  thèse  ex- 
périmenta succeed  as  well  in  perfect  darkness,  and  during  the 
night,  as  under  the  influence  of  light  So  that  Moser  had 
attributed  this  class  of  phenomena  to  a  peculiar  action  of  the 
most  refrangible  dark  rays,  setting  out  from  the  principle  that 
ail  bodies  radiate  light,  even  in  complète  darkness  ;  and  he 
considered  this  action  to  consist  in  modifying  the  substances 
in  such  a  manner  that,  after  having  been  subjected  to  it,  they 
condense  various  vapours,  otherwise  than  they  would  but  for 
tins  ;  the  discovery  of  Daguerre  being  only  a  particular  case  of 
this  gênerai  action. 

Karsten  succeeded,  a  short  time  after  Moser's  discovery,  in 
producing  similar  figures,  under  analogous  circumstances, 
making  use  of  electricity.     He  placed  a  pièce  of  money  on  a 
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glass  plate,  which  was  itself  resting  npon  a  plate  of  métal  ; 
he  then  passed  some  electric  sparks  npon  the  money,  which 
were  discharged  npon  the  métal  plate,  by  passing  round  the 
glass  plate.  Àt  the  end  of  a  hnndred  turns  of  the  electrical 
machine,  the  pièce  of  money  was  removed,  and  on  breathing 
npon  the  glass  plate,  which  had  apparently  snffered  no 
altération,  the  entire  impression  of  the  pièce  was  seen  to  re- 
appear  with  its  most  minute  détails.  By  employing  thin 
plates  of  glass,  a  great  number  may  be  superposed  upon  each 
other,  and  we  then  obtain  figures  of  the  medal  upon  each  of 
them, —  feeble  it  is  true,  and  which  become  less  and  less  dis- 
tinct ;  but  which  are,  however,  always  to  be  recognised.  In 
gênerai,  the  figure  is  more  defined,  in  proportion  as  the  species 
of  Leyden  jar,  formed  by  the  association  of  the  medal  and  the 
métal  plate,  discharges  itself  more  frequently  and  in  a  spon- 
taneous  and  continuons  manner,  so  as  to  produce  as  it  were  a 
glory  radiating  around  the  pièce  of  money. 

The  effect  that  we  hâve  been  describing  is  in  no  way  due 
to  traces  of  electricity  remaining  adhering  to  the  glass  plate, 
after  the  spark  has  been  passed.  This  may  be  easily  proved 
by  rubbing  the  plate  with  a  pièce  of  àtuff,  or  by  leaving  it 
exposed  for  some  time  to  the  air,  which  causes  ail  the  elec- 
tricity to  disappear;  and  yet  the  figure  remains  with  the 
same  distinctness  ;  it  is  even  a  matter  of  some  difficulty  to 
cause  it  to  disappear,  by  heating  and  then  blowing  upon  it. 
But  the  strongest  proof  is,  that  the  same  figure  may  be  re- 
produced  upon  plates  of  polished  métal,  a  case  in  which  it  is 
impossible  to  admit  that  there  is  any  electricity  adhering. 
In  order  to  succeed  well,  the  electricity  must  be  prevented 
passing  too  rapidly  from  the  pièce  of  money  to  the  métal 
plate,  that  is  to  receive  the  impression  of  it  ;  and  for  this 
purpose,  it  is  necessary,  instead  of  placing  them  immediately 
in  contact,  to  separate  them  by  a  thin  plate  of  glass,  or  which 
is  better  still,  by  a  thin  plate  of  mica.  We  thus  obtain 
readily,  after  fifteen  or  twenty  turns  of  the  plate  of  the 
machine,  or  in  ten  or  fifteen  seconds,  a  figure  of  extraordi- 
nary  distinctness.  The  thinner  the  body  is,  and  consequently, 
the  more  perfectly  the  two  contrary  electricitîes  are  disguised, 
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the  greater  is  the  distinctness  as  well  as  the  rapidity  with 
which  the  figure  is  formed.  We  may  vary  the  nature  of  the 
plate,  that  is  intended  to  receive  the  images,  as  well  as  the 
objecta  themselves,  whose  figures  we  désire  to  obtain.  Kars- 
ten  employed  indifferently  coins  and  medals,  of  various 
metals,  seals,  engraved  stones,  &c.  ;  however,  the  most  decided 
resuit  s,  are  those  that  are  obtained  with  various  pièces  of  coin,  on 
account  of  the  uniformity  of  the  impression.  With  regard  to 
the  plates,  the  beat  conducting  bodies  are  the  best  :  and,  when 
using  a  plate  of  silver,  similar  to  that  which  is  used  for  da- 
guerréotype, there  is  obtained  upon  this  plate,  after  a  considér- 
able number  of  turns  of  the  machine,  a  very  visible  impression 
of  the  medal  and  of  the  sheet  of  mica,  even  without  there 
being  any  necessity  of  causing  them  to  appear  by  means  of 
vapours.  After  a  thousand  turns  of  the  machine,  the  entire 
figure  was  produced  upon  the  plate,  as  if  it  had  been  done  by 
aqnafortis  ;  and  it  presented  a  brownish  colour. 

The  phenomena  observed  by  Karsten  hâve  a  great  resem- 
blance  to  those  discovered  by  Moser,  although  they  are 
produced  in  a  very  différent  manner.  The  modifications 
experienced  by  the  surfaces  that  receive  the  impression  of 
medals  and  of  other  objects,  appear  in  both  cases  to  be  of  the 
same  nature  ;  but  what  this  nature  is,  is  the  question  that 
présents  itself. 

Riess  had  already  remarked,  before  Karsten's  experiments, 
that  figures  may  be  produced  upon  plates  of  glass  and  mica, 
by  means  of  electric  discharges  or  of  simple  sparks,  that  is  to 
say,  traces,  ramified  designs  may  be  determined  upon  the 
surface  of  thèse  plates,  which  become  visible  if  breath  be  pro- 
jected  upon  them,  and  which,  on  this  account,  he  had  termed 
roric  figures.  On  closely  examining  pièces  of  mica,  he 
satisfied  himself  that  a  plate  of  this  substance,  when  exposed 
to  a  puff  of  breath,  or  held  over  water  in  a  state  of  evapo- 
ration,  becomes  covered  with  a  deposit  of  minute  drops,  which 
do  not  form  a  continuous  film  ;  whilst  this  film  is  continuous 
and  perfectly  transparent,  instead  of  being  disturbed,  if  the 
surface  of  mica  is  new,  and  has  not  been  already  exposed  to 
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the  air.*  We  migfat  suppose  that  the  renewed  surface  is  not 
covered  with  water  ;  on  the  contrary,  however,  it  is  because 
it  has  a  great  affinity  for  water,  that  it  condenses  it  in  a  con- 
tinuous  film;  which  is  proved  both  by  the  great  electric 
conductibility  that  it  acquires,  and  by  the  inspection  that  may 
be  made  of  it  by  means  of  the  microscope,  which  at  the  same 
time  reveals  thèse  minute  insulated  drops  upon  the  parts,  where 
the  surface  is  not  new.  On  the  other  hand,  on  erposing  it  to 
the  action  of  drying  substances,  or  to  that  of  vacuum,  the 
surface  becomes  insulating,  in  conséquence  of  the  disappear- 
ance  of  the  thin  film  of  water.  The  différence  between  the 
old  and  the  new  surface  of  mica,  is  due  to  there  being  formed 
upon  the  former  a  film  of  foreign  matter  from  the  deposit  of 
varions  substances,  principally  organic,  that  occur  suspended 
in  the  atmosphère,  —  a  film,  that  has  not  had  time  to  form 
upon  the  renewed  surface.  It  is  the  présence  of  this  slightly 
fatty  film,  that  constrains  the  water  to  deposit  itself  under  the 
form  of  drops,  instead  of  forming  a  continuous  deposit. 

The  action  of  the  discharge  of  sparks  would  therefore  con- 
sist  in  driving  away  the  foreign  film,  wherever  the  electricity 
has  passed  ;  and  the  différence  in  the  manner  in  which  the 
breath  arranges  itself,  where  this  film  existe,  and  at  the  spots 
whence  it  has  disappeared,  would  thus  render  the  traces  of  the 
electricity  visible.  However,  the  surface  of  mica,  like  that 
of  glass,  may  itself  be  modified  to  a  tolerable  depth  by  the 
effect  of  the  discharges,  as  we  hâve  already  seen,  which  ex- 
plains  the  persistency  of  the  figures,  which  sometimes  remain 
for  several  years. 

Returning  to  Karsten's  electric  figures,  it  shouldbe  noticed 
that  there  are  two  séries  of  discharges,  those  which  occur  in 
one.  direction,  when  the  model,  that  is  placed  upon  the  insu- 
lating plate,  is  charged;  and  those  which  occur,  when 
the  electricity  of  the  model,  and  that  of  the  lower  plate,  neu- 
tralise each  other.  Now,  as  thèse  two  effects  succeed  each 
other  very  rapidly,  there  résulte  a  removal  of  the  foreign  film 

*  The  surface  of  a  plate  of  mica  is  easily  renewed,  by  detaching  a  thin  plate 
from  it  with  the  blade  of  a  penknife. 
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from  the  parts  of  the  insulating  plate  correspondîng  to  the 
points,  that  are  nearest  together,  and  consequently  the  most 
salient  of  the  model.  We  may  even  render  this  effect  sen- 
sible, by  substituting  for  this  lower  métal  plate,  a  very  smooth 
surface  of  resin  ;  and  the  image  of  the  model  is  discovered  by 
means  of  a  fine  powder  that  is  deposited,  where  the  electricity 
has  left  its  traces.  The  image  produced  on  the  métal  plate 
is  in  like  manner  due  to  the  removal  of  a  foreign  fi}m,  analo- 
gous  to  that  with  which  the  mica  is  covered,  a  removal  that 
occurs  wherever  the  discharges  hâve  passed.  This  is  proved 
by  the  influence  of  polisb,  which  consists,  less  in  purifying 
the  métal  than  in  clothing  its  surface  with  a  perfectly  uniform 
foreign  substance.  This  is  also  proved  by  M.  Fizeau's  expe- 
riment,  in  which  a  platinum  plate,  after  having  been  very 
well  polished  with  cotton  impregnated  with  a  mixture  of 
putty  powder  and  alcohol,  gave  excellent  images,  and  no 
longer  gave  any,  after  having  been  purified  by  incandescence 
and  its  successive  immersion  in  acid  water  and  in  pure  water, 
until  it  was  able  to  inflame  hydrogen  gas.  Moreover,  Kar- 
sten,  on  inspecting  with  the  microscope  the  images,  that  are 
produced  by  the  breath  upon  a  metallic  surface,  very  plainly 
recognised  that  they  arise  from  the  deposit  of  a  very  thin 
and  continuous  film  of  water,  which  occurs  at  the  points,  from 
which  the  foreign  deposits  hâve  been  removed.  He  has  also 
proved  that  the  image  that  has  been  determined  upon  a  brass 
plate  is  reproduced  upon  it  by  a  deposit  of  copper,  when  the 
plate  is  plunged  into  a  solution  of  sulphate  of  copper,  as 
négative  électrode  ;  a  proof  that  the  traces  of  the  image  cor- 
responded  upon  the  brass  surface  with  the  points,  from  which 
the  foreign  film  had  been  removed. 

For  the  same  reason  it  is  that  the  plates  of  mica,  upon  which 
the  reproduction  of  the  image  occurs  best,  are  those  whose 
surface  is  very  old,  and  which  hâve  not  been  renewed  for 
a  long  time,  either  by  electricity  or  by  mechanical  action. 

However,  it  seems  impossible  for  us  to  explain,  in  every 
case,  the  formation  of  electric  figures,  only  by  the  part  attri- 
buted  to  this  organic  film,  that  exists  on  the  surface  of  bodies, 
especially  when  thèse  figures  are  visible  immediately,  as  well 
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upon  insulating  plates  as  upon  plates  of  métal,  without  the  as- 
sistance of  vapour.  We  are  obliged  to  admit  that  a  true  mole- 
cular modification  is  brought  about  upon  the  surfaces  ;  and 
the  proof  is,  that  the  images  are  not  merely  snperficial  and 
transitory,  bat  thej  penetrate  sometimes  to  a  tolerable  depth, 
and  are  very  durable.  Now,  it  is  very  probable  that  in 
Karsten's  expérimenta,  the  molecular  polarisation,  expe- 
rienced  by  the  insulating  substance,  that  is  placed  between 
the  two  métal  plates,  must  be  accompanied  by  a  change 
in  the  position  of  the  particles,  at  the  places  where  the 
electric  action  is  the  strongest,  namely  in  the  points,  corre- 
sponding  to  the  moet  salient  parts  of  the  object  in  relief. 
In  like  manner,  when  the  discharges  occur,  the  particles 
of  the  lower  métal  plate  must,  in  the  points,  where  they  are 
nearest  to  the  relief,  also  undergo  a  molecular  change,  the 
effect  of  which  is  a  superficial  altération,  very  slight,  it  is 
true,  but  nevertheless  sensible.  It  might  also  happen  that,  in 
certain  cases,  the  prolongea  passage  of  successive  electric 
discharges,  would  be  attended  with  certain  electro-chemical 
effects,  and  in  particular  with  an  oxidation  in  the  parts  of 
the  métal  surfaces,  that  are  the  nearest  to  the  salient  points 
of  the  medal. 

With  regard  to  Moser's  figures,  they  seem  to  me  to 
hâve  the  same  origin  as  Karsten's,  as  we  hâve  said  above. 
The  appearance  and  the  properties  of  thèse  two  sorts  of 
images  are  so  very  similar,  that  it  would  be  difBcult  to 
attribute  them  to  différent  causes.  Moser's  images  cannot  be 
formed  upon  a  plate  of  métal  through  a  plate  of  mica;  is  it 
necessary  that  the  plate  and  the  object,  if  not  in  contact,  shall 
at  least  be  at  a  very  small  distance  apart,  circumstances,  that 
are  altogether  unfavourable  to  the  hypothesis,  that  the  figures 
are  produced  by  an  invisible  radiation.  That  which  proves 
that  electricity  seems  to  play  a  part  in  their  production,  is 
that,  according  to  Karsten's  observation,  if  a  pièce  of  silver 
is  placed  upon  a  brass  plate,  care  being  taken  to  place  them 
in  communication,  by  means  of  a  band  of  copper  placed  ail 
round  on  the  exterior,  an  excellent  image  is  obtained  ;  whilst 
the  image  is  very  bad,  when  the  précaution  has  not  been 
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taken  of  attaching  the  band  of  copper.  In  the  former  case, 
we  hâve  a  true  pair,  in  which  the  air,  more  or  less  moist, 
interposed  between  the  brass  plate  and  the  pièce  of  silver, 
plays  the  part  of  a  liquid  conductor  ;  whence  it  follows  that 
the  surface  of  the  brass  must  be  oxidised  in  ail  the  points 
where  it  has  not  been  in  contact  with  the  pièce.  In  the 
latter  case,  the  neutralisation  of  the  electricities  occurring  by 
the  points  of  contact  of  the  plate  and  the  pièce,  the  effect  must 
be  more  confused,  than  when  it  is  brought  about  regularly, 
by  the  intervention  of  the  copper  plate,  by  which  the  two 
métal  plates  are  connected. 

The  necessity  of  an  interposed  film  of  air,  for  the  pro- 
duction of  Moser's  images,  has  been  proved  by  Knorr, 
who  has  demonstrated  that,  in  very  pure  water,  deprived 
also  of  air,  as  in  vacuo,  the  images  are  either  not  formed 
at  ail,  or  very  difficultly.  This  fact  is  favourable  to  the 
explanation,  that  we  hâve  been  giving;  but  it  is  not  the 
less  a  difficult  matter  to  explain  the  formation  of  Moser's 
images,  when  the  two  métal  plates  do  not  touch.  However, 
it  is  not  impossible  that,  at  the  necessarily  small  distance 
at  which  thèse  plates  are  placed  in  référence  to  each  other, 
the  electricity,  developed  upon  one  of  them,  by  the  action 
of  the  moist  air,  being  condensed  by  the  influence  of  the 
other  plate,  may  be  capable  of  producing  sufficient  effects 
to  détermine  the  formation  of  the  images.  We  shall  see 
in  the  Part,  that  is  devoted  to  the  sources  of  electricity,  some 
examples  of  the  libération  of  electricity,  under  similar  con- 
ditions. 

We  shall  not  detain  ourselves  with  the  other  explanations, 
that  hâve  been  attempted  to  be  given  of  Moser's  images, 
especially  those  of  Hunt  and  of  Knorr,  who  attribute  them  to 
a  calorie  cause  ;  and,  according  to  Knorr,  to  a  reciprocal  trans- 
mission of  heat  between  the  plate  and  the  object  This  latter 
philosopher,  indeed,  on  heating  the  plates,  obtains  images, 
which  he  terms  thermographie,  and  which  are  evidently  due  to 
an  oxidation  ;  since  they  cannot  be  produced  with  plates  of 
platinum  and  gold.  The  action  of  heat  consista  especially  in 
manifesting  pre-existent  différences  in  the  molecular  state  of  a 
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métal  surface,  probably  because  thèse  différences  détermine  in 
it  corresponding  différences  in  the  oxidation,  that  is  suffered 
by  this  surface,  through  élévation  of  température.  Thus 
heat  causes  the  reappearance  of  the  effaced  image  of  a 
daguerréotype,  and  the  vanished  impression  of  a  pièce  of 
money,  the  well-polished  surface  allowing  no  sign  or  any 
figure  to  be  visible.  In  ail  thèse  cases,  the  heat  does  not 
détermine  the  formation  of  the  image,  but  simply  renders  its 
manifestation  sensible. 

Without  entering  into  further  détails  upon  this  interesting 
subject,  which  has  been  the  object  of  the  researches  of  very 
many  philosophera #,  we  sum  up  by  stating  our  opinion 
that  the  formation  of  the  image  is  in  every  case  an  electrical 
effect,  due  to  the  influence  that  the  transmission  of  electricity 
exercises  over  the  molecular  state  of  bodies,  either  by  dis- 
persing  the  particles,  when  they  oppose  an  obstacle  to  it, 
or  by  physically  or  mechanically  modifying  them,  when 
they  allow  a  passage  to  it.  We  rest,  lst,  upon  the  fact, 
that  the  most  certain  and  efBcacious  manner  of  obtaining 
the  figures  under  ail  forms  is  to  employ  electric  discharges  ; 
2ndly,  upon  the  circumstance  that,  in  ail  cases,  in  which  the 
figures  are  produced,  without  the  direct  intervention  of  elec- 
tricity, the  conditions  most  favourable  to  this  production 
are  at  the  same  time  those  that  are  equally  so  to  a  libération 
of  electricity. 

We  shall  not  hère  speak  of  the  other  figures  or  images, 
that  may  be  produced  by  means  of  electricity,  such  as 
Priestley's  rings,  and  those  of  Nobili,  seeing  that  the  former 
are  due  to  the  heat,  that  is  the  attendant  of  the  electric 
spark,  and  that  the  latter  are  the  effect  of  an  electro-chemical 
décomposition  ;  the  study  of  thèse  will  naturally,  therefore, 
find  its  place  in  the  two  following  Ohapters,  which  are 
devoted  to  the  calorific  and  chemical  effects  of  electricity  in 
motion. 

*  We  regret,  in  particular,  not  to  speak  of  M.  Masson'g  researches,  as  well  as 
those  of  M.  Morren,  which  are,  however,  of  a  nature  to  confinn  the  ideas,  that 
we  hâve  put  forth,  in  respect  to  the  cause  of  thèse  phenomena. 
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Velocity  of  the  Propagation  of  Electricity. 

Immediately  after  the  discovery  of  the  Leyden  jar,  the 
prodigioas  rapidity  with  which  the  electric  discharge  is  pro- 
pagated,  was  proved,  both  by  making  it  pass  through  a 
numerous  file  of  men,  who  ail  held  each  other  by  the  hand, 
as  well  as  by  transmitting  it  through  a  length  of  two  miles, 
in  the  Thames, —  a  space  which  it  traversed  instantaneously. 
The  most  accurate  experiment  was  that  made  by  Watson,  on 
the  5th  of  August,  1748.  The  arc,  for  Connecting  the  two 
coatings  of  a  Leyden  jar,  was  formed  by  an  iron  wire  12,276 
feet  in  length,  sustained  in  the  open  air  by  insulating  supports 
of  dry  wood,  and  so  arrangea  that  its  two  extremities  and  its 
middle  were  in  the  saine  chamber  with  the  Leyden  jar  and 
the  electrical  machine.  The  wire  was  interrupted  midway 
in  its  length,  and  this  solution  of  continuity  was  occupied 
by  the  body  of  the  observer,  who  held  in  his  hands  the  two 
ends  of  wire,  separated  by  this  interruption.  Ât  the  moment 
of  the  discharge,  the  observer  saw  the  spark  that  escaped 
between  one  end  of  the  wire,  and  the  inner  coating  of  the 
jar,  at  the  same  time  that  he  felt  the  shock,  produced  by  this 
discharge;  andhe  was  never  able  to  perceive  the  smallest  in- 
terval  between  the  two  sensations  ;  from  which  he  concluded 
that  the  rapidity  of  the  propagation  through  the  wire  is  not 
measurable. 

À  long  time  after  thèse  first  essays,  in  1834,  Wheatstone 
took  up  the  examination  of  this  question,  according  to  a  very 
ingénions  process,  applicable  also  to  a  great  number  of  other 
researches.  This  process  is  founded  upon  the  effects  of  the 
reflection  of  a  distant  luminous  point,  by  a  plane  circular 
mirror,  traversed  by  a  horizontal  axis,  situated  in  its  plane 
and  passing  through  its  centre,  around  which  it  turns  with 
very  great  rapidity  (fig.  188.).  E  is  the  mirror,  fixed  to  the 
horizontal  axis  6  F,  carried  by  the  two  brass  supports  I  and 
h.  The  image  of  the  luminous  point,  according  to  the  law 
of  reflection,  describes  an  arc  of  a  number  of  degrees  double 
of  that  described  by  the  mirror  in  the  same  time  ;  that  is,  in 
the  time  einployed  by  the  mirror,  to  pass  from  the  position 
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in  which  the  image  of  the  luminous  point  has  been  visible  to 
the  eye  at  rest  of  the  observer,  to  that  in  which  it  ceases  to 


Fig.  188. 

be  8o.  If  the  duration  of  the  light  of  the  point  is  less  than 
that  of  the  tdme  employed  by  the  mirrors  to  pass  from  one 
of  thèse  positions  to  the  other,  the  luminous  arc  will  not 
hâve  the  length  we  hâve  just  assigned  to  it,  in  supposing 
this  light  permanent  If  even  this  duration  were  nothing, 
and  it  could  happen  that  the  light  should  be  completely 
instantaneous,  the  arc  wonld  be  reduced  to  a  point  Now, 
when  the  luminous  point  is  an  electric  spark,  arising  from  a 
discharge,  produced  in  air  between  two  conductors,  the 
image,  which  is  effectively  nothing  more  than  a  point  for  a 
velocity  of  the  mirror  of  50  turns  per  second,  becomes  an 
arc  for  a  greater  velocity,  a  proof  that  the  light  of  the  spark 
has  a  certain  duration.  If  we  determined  this  velocity  of  the 
mirror,  that  is  to  say,  the  number  of  turns  it  makes  in  a 
second,  we  should  be  able,  by  ineasuring  with  a  divided  circle 
the  number  of  degrees  occupied  by  the  image,  to  détermine 
the  time  of  the  duration  of  the  light,  produced  by  the  electric 
discharge,  or,  which  cornes  to  the  same  thing,  the  time  of  the 
duration  of  this  discharge.  Thus,  Wheatstone,  having  found 
this  arc  to  be  24°  for  a  rotation  of  the  mirror  of  800  turns  per 

24  1 

second,  concluded  from  this  a  duration  of-— — —-=__- 

720  x  800     24000 

of  a  second.     Indeed,  during  the  time  in  which  the  mirror, 

while  turning,  traverses  360°,  the  image  in  it  of  the  luminous 

point  traverses  720°  ;  now,  as  the  mirror  makes  800  turns 
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in  the  second,   tbe  image  traverses  720°  x  800,  namely, 

576,000°  in  a  second  ;  but  as  it  has  itself  24°  of  length,  ît  must 

24  1 

hâve   endured  for  the  time  expressed  by  „„^ or^  ^^. 

r  J  576000     24000 

Thos,  the  first  resuit  obtained  by  Wheatstone  is  that  the 
discharge,  which  produces  the  electric  spark,  is  not  Com- 
pletel y  instantaneous  ;  but  that  it  has  a  duration,  excessively 
short,  it  is  true,  susceptible,  however,  of  being  estimated. 

This  point  being  established,  the  following  is  the  process . 
adopted  by  the  English  philosopher,  for  determining  the 
duration  of  the  propagation  in  a  good  conductor,  such  as  a  wire. 

He  constructed  an  apparatus, 
which  he  called  a  spark-board 
(fig.  189.),  which  consista  of  a 
wooden  dise,  upon  which  are 
placed,  in  the  same  horizontal 
Une,  six  copper  balls,  combined 
in  such  a  manner,  that  the 
same  electric  discharge  may 
give  rise  to  three  sparks.  Thos 
the  bail,  from  which  the  wire 
No.  1.  cornes,  commumeates 
directly  with  the  inner  coating  of  the  jar,  whose  discharge, 
passing  to  the  next  bail,  goes  from  this  bail  by  the  wire  2, 
which  is  connected  with  the  wire  3,  to  the  third  bail  ;  thence 
it  passes  to  the  fourth  bail,  whose  wire  4  leads  it  to  the  bail 
of  wire  5,  so  that  it  may  pass  onward  to  the  bail,  whose  wire 
6  is  in  communication  with  the  outer  coating  of  the  jar. 
The  balls  of  each  of  the  three  Systems  are  only  T^-  in.  apart 
from  each  other,  and  this  constitutes  the  distance  of  the  path 
for  each  of  the  three  sparks  ;  the  circular  spark-plate  is  3£  in. 
in  diameter.  Now  the  wires  2  and  3,  as  well  as  the  wires  4 
and  5,  instead  of  being  placed  in  immédiate  communication,  are 
respectively  united  by  a  copper  wire  Tl7  in.  in  diameter,  and  £ 
of  a  mile  in  length,  which  makes  a  total  length  of  $  a  mile 
between  the  bail  2  and  the  bail  5,  a  length  interrupted  in  its 
middle  by  the  balls  Nos.  3.  and  4.  Thus  the  discharge,  pro- 
ducing  in  the  course  three  sparks,  supposing  it  sets  out  from 
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the  inner  coating,  has  to  traverse  a  copper  wire  \  of  a  mile 
in  length,  between  the  first  and  second  spark,  and  a  copper 
wire  of  \  of  a  mile  also  in  length  between  the  second  and 
third.  If  the  velocity  of  propagation  in  thèse  long  con- 
ductors  is  appréciable,  the  appearance  of  the  three  sparks 
should  not  be  simultaneous  ;  now,  experiment  shows  that 
the  spark  at  the  middle  is  retarded,  as  compared  with  that  of 
the  two  extrêmes,  a  proof,  therefore,  that  the  propagation  of 
electricity  is  not  instantaneous,  and  that  it  occurs  from  the 
extremities  of  the  conductor  by  which  the  two  coatings  are 
connected,  towards  its  middle. 

The  following  is  the  manner  in  which  Wheatstone  ar- 
ranges the  experiment,  in  order  to  obtain  this  resuit,  and  to 
measure  the  velocity  of  the  propagation. 

The  apparatus  of  fig.  188.  is  placed  at  the  extremity  of  a 
mahogany  plank  {fig.  190.),  upon  which  there  is  a  wheel  k, 


Fig.  190. 

which  communicates  its  motion  to  the  axis,  by  means  of 
a  cord,  passing  in  grooves,  hollowed  in  the  circumference  of 
both  pièces.  In  Wheatstone's  apparatus,  the  System  of 
wheels  was  so  arrangea  that  the  axis  carrying  the  mirror 
should  hâve  made  1800  révolutions  for  one  of  the  wheel,  if 
there  had  been  no  retardation,  arising  from  the  slipping  of  the 
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cord.  A  discharger  o  P  is  in  communication  by  its  extremity 
with  the  inner  coating  of  a  Leyden  jar,  which  is  constantly 
electrised  by  means  of  an  electrical  machine;  the  outer 
coating  of  the  same  jar  communicates  with  the  wire  No.  1. 
of  the  spark-plate,  and  the  wire  No.  6.  abuts  against  an  en* 
largement  of  the  brass  support,  upon  which  the  axis  of  the 
mirror  turns.  The  same  axis  carries  an  arm  Q  (Jig.  188.), 
which  turns  with  it,  and  which,  at  each  révolution,  is  brought 
opposite  to  the  knob  of  the  discharger  ;  this  brings  about  the 
discharge,  which,  being  transmitted  through  the  circuit, 
passes  between  the  two  balls  of  the  discharger,  the  distance  of 
which  is  regulated  for  this  purpose,  then  from  the  extremity 
of  its  stem  P  to  the  knob  of  the  arm  Q,  and  thence  through  the 
axis  of  the  mirror  to  the  spark-plate,  where  the  eye  perceives 
the  three  sparks.  The  plate  itself  is  placed  vertically  at  the 
distance  of  9a84  ft.  from  the  mirror,  and  in  such  a  manner 
that  the  latter  is  upon  the  same  level  as  the  horizontal  line 
upon  which  the  three  sparks  are  situated.  The  arm  Q  is  so 
arrangea  that  the  discharge  occurs,  and  that  consequently  the 
sparks  appear,  at  the  moment,  when  the  mirror  makes  an 
angle  of  45°  with  the  horizon,  which  causes  the  eye  of  the 
observer,  placed  on  the  side  of  I,  looking  directly  from  above 
downward,  to  see.  the  images  of  the  three  sparks,  reflected 
upon  a  horizontal  plane.  À  flat  glass  may  be  placed  above  the 
mirror,  so  as  to  prevent  the  eye  approaching  too  near  to  the 
mirror.  In  order  the  better  to  regulate  the  instant  of  the 
discharges,  which  ought  to  occur  at  the  moment  when  the 
mirror  is  inclined  45°,  a  plate  of  mica  s  is  interposed, 
pierced  with  a  very  small  horizontal  opening,  parallel  to  the 
axis  of  the  discharger,  which  confines  the  possibility  of  the 
discharge  within  very  narrow  limits.  Thus,  whatever  be 
the  rapidity,  with  which  the  mirror  moves,  the  sparks  are 
generally  in  the  field  of  view. 

It  is  a  matter  of  great  importance,  as  may  be  supposed,  to 
détermine  accurately  the  velocity  of  the  rotation  of  the  axis, 
that  carries  the  mirror.  Mr.  Wheatstone  arrived  at  this 
first,  by  calculating  the  pitch  of  sound,  produced  by  the  suc- 
cession of  blows  received  by  a  little  band  of  paper  or  card, 
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attached  to  the  arm  Q,  which,  at  each  révolution  of  the  axis, 
expériences  a  blow.  When  the  machine  had  its  maximum 
velocity,  a  sol  sharp  of  the  foorth  octave  was  obtained,  which 
corresponded  to  800  révolutions  of  the  mirror  per  second. 
More  recently,  Mr.  Wheatstone  has  succeeded  in  furnishing 
the  instrument  with  a  counter  for  registering  the  number  of 
rotations.  It  is  true  that  the  increase  of  résistance  to  motion» 
which  arises  from  this  addition,  prevents  the  mirror  executing 
more  than  600  révolutions  per  second. 

In  operating  by  means  of  the  apparatus,  arrangea  as  we 
hâve  been  pointing  out,  as  soon  as  the  velocity  of  the  mirror 
exceeds  a  certain  limit,  the  three  sparks  are  seen  to  be  elon- 
gated  into  three  parallel  Unes,  which  are  longer  in  proportion 
as  the  movement  is  more  rapid.  Thèse  lines  are  arcs  of  the 
circle,  the  centres  of  which  are  situated  on  the  axis  of  the 
mirror;  the  greatest  amplitude,  they  hâve  been  found 
to  attain,  was  24°,  which,  at  800  révolutions  of  the  mirror 
per  second,  corresponds  to  a  duration  of  the  spark  of 
34&00  of  a  second,  as  we  hâve  seen.  With  regard  to  the  re- 
lative position  of  the  three  images,  when  the  velocity  is  yet 
feeble,  their  extrême  points  appear  to  be  exactly  in  the  same 
vertical,  and  présent  this  appearance  SS  ;  but,  as  soon 

as  the  velocity  becomes  considérable,  if  the  mirror  is  turning 
from  left  to  right,  in  respect  of  the  observer,  placed  at  i,  the 
lines  assume  this  appearance  ="~  ;  and,  if  it  turns 


from  right  to  left,  they  assume  this  appearance  "~     ; 

which  indicates  equally  in  both  cases  that  the  middle  spark 
appeared  after  the  two  extrême  ones,  and  that  it  disappeared 
also  after  them.  Indeed,  in  the  former  case,  the  mirror  having 
passed  the  45°  on  the  side  of  the  vertical,  when  the  middle 
spark  shows  itself,  it  is  clear  that  the  commencement  of  its 
image  must  be  found  in  arrear  of  the  commencement  of  those 
of  the  other  two  sparks,  which  hâve  appeared  at  the  moment, 
when  the  mirror  was  at  45°  ;  this  must  be  the  reverse  in  the 
case,  when  the  mirror  turns  from  right  to  left.  Mr.  Wheatstone 
has  succeeded  in  estimating,approximately  to  half  a  degree,  the 
amount,  by  which  the  middle  image  is  in  arrear  or  in  advance 
of  the  other  two.     This  arc  of  a  half  degree  corresponds  to  a 
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space  traversed  in  thîs  portion  of  a  second  being  {  of  a 
mile,  or  1320  feet,  which  gives  a  velocity  of  288,000  miles  per 
second.  This,  then,  would  be  the  velocity  of  the  propagation 
of  electricity  in  a  copper  wire,  a  velocity  superior  to  that  of 
light  in  planetary  space,  which  is  only  $  of  the  above. 

Wheatetone's  experiinent  proves,  moreover,  that  in  a  wire 
which  commnnicates,  by  its  extremities,  with  the  coatings  of 
a  Leyden  jar,  the  electric  dérangement  is  propagated  from  the 
two  ends  of  the  wire  with  an  equal  velocity,  and  endures  for 
a  certain  time,  very  short,  it  is  trae,  bat  yet  appréciable,  in 
order  to  arrive  at  the  middle  of  the  circuit.  We  shall  return 
hereafter,  when  engaged  with  the  electric  light,  to  certain 
expérimente  of  Wheatstone's,  which  hâve  référence  to  the 
duration  of  the  spark. 

Récent  researches  on  the  velocity  of  electricity,  made  with 
voltaic  currents,  transmitted  through  telegraph  wires,  hâve 
given  very  différent  résulte  to  those  obtained  by  Wheat- 
stone  with  ordinary  electricity.  Thus,  Mr.  Walker  of  Wash- 
ington had  found  that  this  velocity,  in  an  iron  wire  £  in.  in 
diameter,  was  18,760  miles  per  second,  and  Mr.  Mitchell  had 
found  28,526,  both  velocities  being  very  much  lower  than 
the  288,000,  that  had  been  found  by  Wheatetone. 

More  recently,  Mr.  Gould  took  advantage  of  a  colossal 
voltaic  circuit  of  1045  miles,  established  between  the  station 
of  Seaton,  at  the  north  of  the  Capitol  of  Washington,  and  the 
town  of  Saint-Louis,  with  several  intermediate  stations,  as 
Pitteburg,  Cincinnati,  in  order  to  détermine  the  velocity  of  the 
propagation  of  the  current,  according  to  a  method  altogether 
différent  ;  and  he  found  12,851  miles  per  second,  and  15,830 
in  using  only  the  expérimente,  made  at  a  lower  température 
than  that  of  the  congélation  of  water,  the  insulation  not  being 
sufficient  at  higher  températures.  Mr.  Gould's  method  con- 
sisted  in  having  a  pencil  fitted  to  a  pièce  of  soft  iron,  which, 
when  resting  on  a  white  pàper  wound  round  a  cylinder,  to 
which  a  uniform  rotatory  motion  is  applied,  by  means  of  a 
clock  movement,  makes  a  regular  mark  upon  it    The  pièce  of 
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soft  iron  is  attracted  by  the  pôles  of  an  electro-magnet, 
surrounded  by  a  wire,  one  end  of  which  is  Jed  to  the  scape- 
wheel  of  a  seconds  pendulum.  This  wheel  periodically 
interrupts  thé  circuit  which,  by  the  action  of  the  electro- 
magnet  upon  the  armature,  produces  intermittences  of  at- 
traction, which  are  interpreted  by  the  equal  and  equidistant 
interruptions  of  the  tracing  upon  the  paper.  A  similar 
apparatus  being  arranged  in  each  of  the  consécutive  stations, 
they  are  ail  actuated  by  a  single  electric  current,  which 
traverses  their  common  circuit.  Mr.  Gould  first  satisfied 
himself  that  the  différence  of  the  intervais  between  the 
marks  at  the  différent  stations  corresponded  well  with  their 
distance  from  the  place  at  which  the  signal  was  given,  and 
that  it  was  proportional  to  the  time  consumed  by  the  current, 
in  traversing  double*  the  distance  between  the  stations.  By 
thus  comparing  the  registers  of  each  station,  including  that 
from  which  the  current  set  out,  he  arrived  at  the  resuit 
that  we  hâve  indicatecL 

MM.Fizeau  and  Gonelle  had  obtained  very  différent  results, 
by  operating  in  a  still  différent  manner.  The  principle  of  their 
method  consisted  in  interrupting  a  current  at  very  limited 
intervais  of  time,  and  simultaneously  in  two  points  of  a  long 
conductor,  very  distant  from  each  other.  Thes^  interruptions 
were  brought  about,  by  means  of  a  wheel,  carryingjupon  its 
circumference  a  number  of  equal  divisions  alternately  in 
wood  and  métal,  like  the  rheotomes,  that  we  hâve  already 
describedf  ;  thèse  apparatus  could  be  easily  arranged  in  such 
a  manner,  that  the  circuit  could  be  interrupted  at  two  or 
at  several  places,  and  the  interruptions  should  be  perfectly 
simultaneous,  wherever  they  occurred.  A  galvanometer, 
placed  in  the  circuit,  received  by  this  arrangement  only 
discontinuons  currents  ;  nevertheless,  when  the  interruptions 
succeeded  each  other  rapidly,  the  needle  of  the  instrument 
was  deviated  in  a  stable  manner,  as  if  the  current  had  been 

*  Double,  on  account  of  the  necenity  of  the  current  to  return  to  the  point  of 
departure. 

t  Vol.  I.  p.  301.  (fig.  130.),  and  p.  302.  (fig.  131.),  P-  398.  {fig.  153.) 
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continuons.  Only  the  amplitude  of  the  deyiatk>ns  yaried 
with  the  number  of  interruptions,  that  occnrred  in  a  given 
timc,  and  obtained  a  maximnm  for  a  certain  nnmber  of  inter- 
ruptions, in  the  saine  time,  that  it  acquired  a  minimum  for 
another.  If  the  propagation  of  the  carrent  in  a  long  con- 
ductor  is  instantaneous,  it  is  clear  that  the  fact  that  the 
circuit  suffers  simultaneous  interruptions  at  the  two  extremi- 
ties  of  this  conductor,  should  in  no  way  change  the  dévia- 
tion of  the  galvanoraeter,  which  remains  the  same  as  if  there 
had  been  interruptions  only  in  one  point  of  the  circuit  Bat, 
if  the  propagation  requires  a  certain  time,  for  its  being 
brought  about,  it  can  no  longer  be  the  same,  seeing  that  at 
the  same  moment  when  the  interruption  takes  place  at  the 
point  of  departure  of  the  current,  it  occurs  also  at  the  other  ex- 
tremity  of  the  conductor,  at  which  this  same  current  has  nçt 
yet  arrived.  When,  therefore,  it  arrives  there,  it  no  longer 
finds  the  interrupter  in  the  same  position,  and  the  dévia- 
tion of  the  galvanometer  there  suffers  a  diminution.  It 
follows  from  this,  that  the  velocity  of  the  propagation  must 
give  rise  to  periodical  changes  in  the  déviations,  corresponding 
to  greater  and  greater  velocities  of  the  rheotomes;  and  that 
consequently,  from  thèse  changes,  we  might  be  able  todeduce 
the  velocity#  itself.  MM.  Fizeau  and  Gonelle  did  this, 
using  for  their  experiment  the  telegraph  wires  from  Paris 
to  Rouen  and  from  Paris  to  Amiens.  The  two  wires  of 
each  of  thèse  Unes  might  be  connected,  the  former  at  Rouen, 
the  latter  at  Amiens  ;  they  thus  presented  a  length  of  195  miles 
for  the  Amiens  line,  and  179  miles  for  that  of  Rouen.  By 
operating  according  to  the  method,  that  we  hâve  been  point- 
ing  out,  by  means  of  thèse  long  conductors,  of  which  one  was 
of  iron  and  the  other  of  copper,  the  two  philosophera  arrived 
at  the  conclusion  that  the  velocity  of  the  propagation  of 
electricity  is  independent  of  the  intensity  of  the  current  and 
of  the  section  of  the  conductor,  but  not  of  its  nature,  and 
that  it  is  62,130  miles  per  second  in  an  iron  wire,  and 
111,834  miles  in  one  of  copper.  Mr.  Latimer  Clark  had 
already  observed,  by  operating  with  piles,  whose  number 
varied  from  31  to  500,  and  upon  a  length  of  wire  of  768 
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miles,  that  the  currents  are  propagated  with  the  saine  vélo- 
city,  whatever  their  intensity  may  be. 

It  was  by  means  of  Mr.  Walker's  astronomical  observations 
in  America  that  he  satisfied  himself,  as  we  hâve  seen,  that 
the  voltaic  carrent  requires  an  appréciable  time  for  pro- 
pagating  itself  in  a  long  conductor.  By  employing  the 
current  for  the  détermination  of  the  différence  of  longitude 
between  two  stations,  he  proved  that  this  propagation  is 
not  instantaneous  ;  thus  between  Philadelphia  and  Cambridge, 
calculation  showed  that  the  carrent,  setting  out  from  one 
of  thèse  towns,  at  the  moment  of  the  passage  of  a  star, 
did  not  arrive  at  the  other  at  the  same  instant,  and  that  it 
was  necessary  to  take  accoant  of  the  time  that  had  elapsed, 
which  in  this  instance  was  ££-  of  a  second,  for  the  détermina- 
tion of  the  différence  of  longitude.  The  comparison  of 
several  observations  made  between  the  three  stations  of 
Washington,  Philadelphia  and  Cambridge,  led  Mr.  Walker 
to  a  velocity  of  18,639  miles  per  second.  Mr.  Mitchell,  of  the 
Observatory  of  Cincinnati,  as  the  resuit  of  numerous  trials 
upon  the  telegraph  line,  extending  from  Cincinnati  to  Pitts- 
borg,  had  found  by  the  same  method  28,331  miles  per  second. 
Finally,  the  astronomers  of  the  observatories  of  Edinburgh 
and  Greenwich  obtained  only  7600;  and  those  of  the  ob- 
servatories of  Greenwich  and  Brussels  only  2700,  namely 
a  hundred  times  less  than  Mr.  Wheatstone.  We  should 
mention  that,  in  this  latter  case,  the  copper  wire  for  establish- 
ing  the  communication  between  Greenwich  and  Brussels,  was, 
for  a  great  part  of  the  distance,  submerged  in  the  sea. 

The  following  is  a  Table  which,  by  summing  up  the  déter- 
minations, made  according  to  the  différent  methods,  of  the 
velocity  of  the  propagation  of  electricity,  expresses  clearly 
the  great  différences,  that  exist  in  this  respect  between  the 
résulta  obtained  by  the  différent  observers. 
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Mamei  of  tfie  Obierren. 

Nature  of  the 
Wlre. 

Velocky  in  Mile» 

Wheatstone      - 

Fizeau  and  Gonelle      - 

Idem                - 

Mitchell           - 

Walker            - 

Gould 

Astronome»  of  Greenwich  and  Edin- 

burgh           - 
Astronomers  of  Greenwich  and  Brussels. 

Copper. 

»» 

Iron. 

n 

91 

99 

Copper. 

99 

288,000 
111,834 
62,130 
28,331 
18,639 
15,830 

7,600 
2,700 

It  is  to  Faraday  we  are  indebted  for  having  found  the 
causes  of  thèse  enormous  différences,  and  for  having  shown 
that  the  numerical  résulte,  contained  in  the  above  Table, 
do  not  dépend  simply  on  the  velocity  of  the  propagation 
of  electricity  ;  but  dépend  also  upon  a  phenomenon  of  an 
entirely  différent  nature.  In  his  first  researches  upon  the 
propagation  of  electricity  in  bad  conducting  bodies,  Faraday 
had  already  remarked,  when  speaking  of  Wheatstone's  ex- 
périmenta that  the  velocity  of  the  discharge  may  greatly 
vary,  according  to  the  tension  or  intensity  of  the  first  im- 
pulsive force.  He  even  added  that  the  retardation  of  the 
mean  spark,  in  relation  to  the  extrême  sparks,  would  pro- 
bably  become  more  sensible  if  the  two  extremities  of  the 
wire,  by  which  the  discharge  was  transmitted,  were  in  direct 
communication  with  two  large  insulated  métal  surfaces; 
and  especially  if  thèse  two  large  surfaces  were,  one  the  inner 
and  the  other  the  outer  coating  of  a  Leyden  jar.  Now,  the 
learned  English  philosopher  has  latterly  confirmed  the  accu- 
racy  of  his  conjecture  by  means  of  direct  expérimenta,  made 
with  télégraphie  wires  covered  with  gutta  percha,  intended 
for  the  establishment  of  submarine  and  subterranean  lines. 
Having  procured  two  hundred  coils  of  thèse  wires,  each 
half  a  mile  in  length,  he  suspended  them  to  a  séries  of  barges, 
ranged  in  a  canal,  so  that  each  coil  was  plunged  entirely 
in  the  water,  with  the  exception  of  a  short  length  of  wire 
at  each  of  the  ends*  He  then  connected  end  to  end 
the  extremities  of  the  wires  of  each  coil,  deprived   of  their 
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însulating  envelope,  bo  as  to  constitute  a  single  wire  of  200 
miles  in  length  ;  and  he  connected  one  of  the  ends  of  this 
long  wire  with  one  of  the  pôles  of  a  battery,  placing  in  the 
circuit  a  very  sensitive  galvanometer.  The  battery  was 
composed  of  360  pairs  of  zinc  and  copper,  charged  with 
acidulated  water;  it  was  perfectly  insulated,  and  corn* 
municated  with  the  ground  only  by  its  other  pôle.  At 
the  moment,  when  communication  was  eut  off  between 
the  pile  and  the  long  wire,  a  very  strong  shock  was  felt, 
on  touching  either  end  of  the  long  wire;  this  shock  was 
of  such  duration,  that  it  might  be  decomposed,  by  touching  the 
wire  for  an  instant  only  each  time,  into  some  forty  successive 
shocks.  If,  instead  of  touching  one  of  the  ends  of  the  wire, 
it  was  put  into  communication  with  one  of  the  ends  of  the 
galvanometer,  the  other  end  of  which  was  connected  with 
the  ground,  the  needle  was  powerfully  deflected,  and  the 
effect  was  still  sensible,  when  the  experiment  was  not  made 
till  half  an  hour  after  the  communication  between  the  wire 
and  the  pile  had  been  interrupted. 

It  is  évident  that  this  resuit  is  due  to  the  formation  of  a 
Leyden  jar  of  enormous  size,  by  means  of  the  long  wire, 
the  envelope  by  which  it  is  insulated,  and  the  liquid  con- 
ductor,  by  which  it  is  surrounded;  which  must  consequently 
be  charged  by  a  considérable  quantity  of  electricity,  when  its 
inner  coating,  which  is  the  wire,  is  in  communication  with 
a  source  of  electricity,  even  when  this  electric  source  is  of 
feeble  tension,  as  one  of  the  pôles  of  the  pile.*  In  the  expe- 
riment we  hâve  mentioned,  the  copper  wire  being  \  in.  in 
diameter,  and  the  coating  of  gutta  percha  \  in.  in  thickness, 
it  follows  that  the  inner  coating  of  the  Leyden  jar,  fbrmed 
by  the  long  wire  plunged  in  the  water,  presented  a  surface 
of  8300  sq.  ft.  in  extent,  and  the  outer  coating  33,000. 
Moreover,  the  phenomenon  is  naturally  more  decided,  in  pro- 
portion as  the  pile  has  greater  tension,  and  is  consequently 


*  Volta,  immediately  after  the  discoveiy  of  the  pile,  had  shown  that  a  Leyden 
jar  might  be  charged  by  putting  its  inner  coating  in  communication  with  one 
of  the  pôles  of  the  pile,  the  other  pôle  being  put  in  communication  with  the 
ground. 
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composed  of  a  greater  number  of  pairs,  the  surface  of  the 
pairs,  on  the  contrary,  being  a  matter  of  indifférence. 

It  is  very  carious  to  see  the  galvanometer,  that  is  in  the 
circuit,  strongly  deviated  at  the  moment  when  one  of  the 
ends  of  the  long  wire  is  put  into  communication  with  one  of 
the  polos  of  the  pile,  even  when  the  wire  is  insulated  ;  this 
effect  is  evidently  due  to  the  passage  of  the  electricity,  by 
which  the  inner  coating  of  this  kind  of  jar  is  charged.  In 
like  manner,  at  the  moment  when  communication  with  the 
pile  is  eut  off,  a  strong  déviation  is  obtained  in  the  contrary 
direction,  provided  the  end  of  the  galvanometer,  that  is  not  in 
communication  with  the  end  of  the  long  wire,  is  in  commu- 
nication with  the  ground.  This  latter  déviation  manifesta 
the  discharge,  as  the  former  indicated  the  charge. 

The  effects  that  we  hâve  been  describing  had  already  been 
observed  by  Siemens  by  means  of  the  subterranean  télégraphie 
wires,  established  in  Prussia.  He  had  noticed  in  thèse  wires, 
provided  they  were  well  insulated,  the  establishment  of  the  in- 
stantaneous  currents  of  charge  and  discharge,  that  we  hâve 
been  pointing  out;  the  former  taking  place  at  the  moment  when 
one  of  the  extremities  of  the  long  wire  was  placed  in  commu- 
nication with  one  of  the  pôles  of  a  pile;  and  the  latter,  at  the 
moment  when  this  communication  ceased,  and  when  a  con- 
ductor,  in  communication  with  the  ground,  was  substituted  for 
the  pile.  In  analysing  this  phenomenon,  M.  Siemens  had  well 
discerned  the  true  cause  ;  he  had  recognised  in  the  copper 
wire  the  inner  coating  of  a  Leyden  jar,  of  which  the  moist 
ground  was  the  outer  coating,  and  the  gutta  percha  coating, 
the  insulating  layer. 

To  the  facts  that  we  hâve  been  stating,  Faraday  added 
another  that  is  still  more  curious,  and  which  is,  however,  the 
conséquence  of  the  same  principle.  He  made  use  of  four 
subterranean  wires,  each  of  about  375  miles  in  length,  which 
are  established  between  London  and  Manchester;  at  the 
Manchester  station,  he  connected  together  the  ends  of  the 
first  and  second  wire,  and  those  of  the  third  and  fourth.  At 
the  London  station,  he  placed  one  of  the  ends  of  the  gal- 
vanometer  wire,  in  communication  with  the  end  of  the  first 
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wire  ;  tbe  otber  end  of  the  galvanometer  being  fixed  to  the 
pôle  of  abattery,  that  had  its  otber  pôle  in  communication  with 
die  ground  ;  by  the  wire  of  a  second  galvanometer,  he  con- 
nectedtbeendsof  the  second  and  third  wires;  and,  finally,  he 
attached  a  third  galvanometer,  commnnicating  also  with  the 
ground,  at  the  end  of  the  fonrth  wire.     At  the  moment  when 
this  circuit  was  cloeed,  the  needle  of  the  first  galvanometer 
was  immediately  deflected,  that  of  the  second  was  not  so  un- 
til  after  a  sensible  interval,  and  that  of  the  third  a  little  later 
still,  about  two  seconds  after  that  of  the  first     The  corn* 
munication  of  the  first  galvanometer  with  the  pile  was  inter- 
•  rupted  ;  the  needle  of  this  galvanometer  immediately  returned 
to  zéro  ;  that  of  the  second  did  not  begin  to  displace  itself 
until  a  short  time  after  ;  and  that  of  the  third,  later  still.     On 
making  and  breaking  this  communication,  at  sufficiently  near 
intervais,  we  are  able,  so  to  speak,  to  produce  in  the  wire 
successive  electrical  waves,  so  that  the  three  galvanometers 
are  traversed  at  the  same  instant  by  three  différent  waves. 
And  if,    after  having    suppressed   the   communication    of 
the  first  galvanometer  with  the  pile,  this  galvanometer  is 
made  to  communicate  with  the  earth,  the  electricity  with 
which  the  wire  is  charged,  discharges  itself  simultaneously 
by  its  two  extremities  ;  so  that  the  first  and  third  galvano- 
meters are  deflected  at  the  same  time  in  opposite  directions. 

When,  instead  of  subterranean  wires,  Faraday  made  use  of 
wires,  freely  suspended  in  the  air,  the  effects  were  very  little 
marked  ;  ail  three  galvanometers  were  deflected  and  returned 
to  rest  almost  at  the  same  instant  In  this  case  there  was  no 
Leyden  jar,  for  there  was  no  outer  coating,  and  consequently 
no  possible  latéral  induction.  Thus,  this  induction,  as  we  hâve 
seenabove,  is  able  to  retard  by  two  seconds  the  propagation  of 
the  electric  wave  in  subterranean  wires  1,500  miles  in  length  ;  a 
propagation,  which  is  instantaneous  in  a  wire  of  the  same  length, 
insulated  in  the  air.  However,  even  when  the  wire  is  not 
plunged  in  water,  or  placed  in  the  moist  ground,  it  may  happen 
that  the  proximity  of  the  ground,  when  it  is  very  near,  or 
the  présence  of  neighbouring  conductors,  such  as  a  conducting 
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wall,  may  détermine  a  latéral  induction,  much  less  powerfiil, 
it  is  true,  bat  stfll  susceptible  of  retarding  more  or  less  the 
propagation  of  electricity.  It  is  to  this  circumstance,  which 
Taries  according  to  the  arrangement  of  the  télégraphie  wires, 
that  may  in  a  great  measore  be  attrïbuted  the  considérable 
différences,  that  we  hâve  remarked  in  the  resnlts  obtained 
by  différent  observera,  on  the  velocity  of  the  propagation  of 
electricity;  différences  so  great  that,  in  the  above  Table, 
the  first  number  is  the  centuple  of  the  last  It  is  trne  that 
the  expérimenta  that  had  given  this  last  resuit,  was  made 
with  a  wire  immersed  in  water,  for  the  greater  part  of  its 
length  ;  while  that  which  had  furnished  the  first,  was  made 
with  wires  stretched  parallel  and  at  a  sufficient  distance  from 
each  other  and  from  the  ground,  and  connected  alternately 
end  to  end,  so  as  to  form  but  one  continuous  wire,  bent 
several  times  upon  itself.  However,  in  this  case,  there 
was  still  a  slight  induction,  brought  about  by  the  walls 
and  the  floor  of  the  room,  in  which  the  wires  were  stretched  ; 
perhaps  also  of  the  wires  upon  each  other  *  ;  which  explains 
the  small  retardation,  experienced  by  the  middle  spark  in 
respect  to  the  two  extrême  sparks. 

It  follows,  therefore,  from  Faraday's  labours,  that  the 
experiments,  by  which  the  velocity  of  the  propagation  of 
electricity  had  been  supposed  to  hâve  been  measured,  are 
by  no  means  conclusive.  They  were,  in  fact,  founded  upon 
a  false  analogy  which  had  been  attempted  to  be  made 
between  electricity  and  the  radiating  agents,  as  light  and 
heat  The  propagation  of  electricity  is  of  an  entirely  dif- 
férent nature;  it  evidently  results  from  a  modification, 
impressed  upon  the  pondérable  matter,  interposed  between 
the  two  electric  principles;  a  modification,  that  may  be 
compared  with  that,  experienced  by  a  séries  of  ivory 
balls,  which  transmit  die  motion,  that  is  received  by 
the  first,  or  like  an  elastic  body,  that  propagates  sound; 
which   causes   the   velocity  of  the  propagation  necessarily 


*  The  actual  distance  apart  of  thèse  wires  was,  six  inches  ;  sud  they  oiight 
conséquent!/  influence  each  other. 
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to  vary  with  the  bodies,  upon  which  it  is  exercised,  and 
with  the  circum8tance8  under  which  they  are  placed,  as 
was  observed  by  MM.  Fizeau  and  Gonelle.  If  seems  to 
us  that  it  must  also  vary,  at  least  in  the  value  that  is 
given  to  it,  with  the  nature  of  the  effects,  by  which  the 
electricity  indicates  its  présence.  It  follows,  of  course, 
that  we  are  hère  speaking  only  of  the  rapid  propagation 
of  electricity  ;  for  slow  propagation  is  a  phenomenon  of 
quite  another  kind;  and  it  is  not  with  this  that  we  are 
dow  engaged. 

Mr.  Wheatstone  has  added  some  new  facts  to  those  which 
had  been  observed  by  Faraday,  taking  advantage  for  this  of  a 
cable,  1 10  miles  in  length,  containing  six  copper  wires  -^  in. 
in  diameter,  each  covered  with  an  insulating  coat  of  gutta 
percha  of  ^  in.  The  whole  was  covered  with  twelve  strong 
iron  wires,  wound  spirally,  which  formed  a  metallic  jacket  of 
-§-  in.  in  thickness.  The  cable  was  coiled  into  a  spiral  in  a  dry 
pït  in  a  yard,  and  one  of  its  extremities  extended  into  the  in- 
terior  of  a  roora.  The  ends  of  the  six  wires  might  be  united 
so  as  to  cause  the  current  to  pass  in  the  same  direction 
through  the  six  wires,  added  end  to  end,  or  else  through  some 
of  them  only. 

The  firsfc  expérimenta,  made  by  Mr.  Wheatstone,  showed 
him  that  the  iron  jacket  of  the  compound  conductor  gave  rise 
to  the  same  phenomena  of  induction,  as  Faraday  had  ob- 
tained  by  plunging  the  insulated  wire  into  water.  Also,  the 
wire  660  miles  in  length  was  charged  with  positive  or 
négative  electricity,  on  placing  one  of  its  extremities  in 
contact  with  the  positive  or  négative  pôle  of  the  pile,  whilst 
its  other  extremity  was  insulated  ;  but  it  was  nevertheless 
necessary  that  the  other  pôle  of  the  pile  should  be  in 
comnonication  with  the  ground.  However,  if  this  pôle 
was  placed  in  contact  with  the  extremity  of  a  second  wire, 
whose  other  extremity  was  insulated,  the  two  wires  were  in 
like  manner  charged.  The  movement  of  the  galvanometers, 
either  during  the  charge,  or  during  the  discharge  of  the  wires 
was  such  as  Faraday  has  indicated.  The  following  experiment 
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renders  very  évident  the  successive  mode  of  the  propagation 
of  electricity. 

The  two  extremities  of  the  660  miles  of  wire  being  placed 
in  contact,  each  with  one  of  the  pôles  of  the  battery,  when 
one  of  the  extremities  previoosly  detached  waa  again  at- 
tached  to  the  pôle,  the  galvanometers  placed  at  the  extremities 
of  the  wire,  and  consequently  at  equal  distances  from 
the  pôles,  were  inflaenced  immediately  and  simultaneously, 
whilst  those  which  were  in  the  middle  of  the  wire  were  not 
set  in  motion  until  afterwards.  When  the  circuit  was  inter- 
rupted  in  the  middle  of  the  wire,  on  establishing  contact,  the 
influence  of  the  current  was  first  felt  on  the  central  galvano- 
meter, that  is  to  say,  on  the  most  distant  from  the  pile  ;  then 
afterwards  upon  those  which  were  towards  the  pôles. 

The  following  now  is  an  experiment,  which  shows  well  that 
the  long  wire  acts  as  a  considérable  conductor,  in  which  the 
electricity  is  dispersed,  similar  in  this  respect  to  theterrestrial 
globe,  except  that,  with  the  wire,  the  size  of  the  induction 
being  limited,  the  current  ceases,  as  soon  as  the  charge 
is  complète.  One  of  the  pôles  of  the  pile  is  placed  in  com- 
munication with  the  ground,  whilst  the  other  is  in  contact 
with  one  of  the  extremities  of  the  wire,  whose  other  extremity 
is  insulated;  increasing  lengths  are  given  to  this  wire,  and  a 
sensitive  galvanometer,  placed  between  the  pôle  and  the  wire, 
gives  induction  of  a  current,  stronger  in  proportion  as  the 
length  of  the  wire  is  greater,  as  is  shown  in  the  following 
Table,  which  contains  the  déviations  of  the  needle,  corre- 
spondu^ to  the  différent  lengths  of  the  wire  :  — 


0  miles 

0° 

no    „ 

6* 

220    „ 

12 

330    „ 

IS 

440    „ 

231 

550    „ 

28 

660    „ 

31 

On  placing  the  galvanometer  at  différent  distances  from 
the  pile,  the  wire  having  always  the  same  length,  it  was 
found  that  the  déviation  went  on  diminishing,   setting    out 
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from  the  point,  where  it  is  immediately  in  contact  with  the 
pôle,  to  that  in  which  it  is  at  the  very  end  of  the  660  miles 
of  wire,  being  in  this  latter  case  null.  The  intensity  of  the 
current  appeared  to  dépend  solely  npon  the  length  of  the 
wire  that  is  added  to  that  extremity  of  the  galvanometer, 
which  is  not  in  communication  with  the  pôle,  and  to  be 
entirely  independent  of  the  length  of  that  which  séparâtes 
the  other  extremity  of  the  galvanometer  from  the  pôle.  This 
resuit  proves  that,  whatever  be  the  length  of  the  insulated 
wire,  connected  with  the  pôle  of  a  pile,  it  is  charged  in  its 
whole  length  with  the  same  degree  of  tension  ;  so  that  if 
another  insulated  wire  is  added  to  its  free  extremity,  the 
latter  présents  the  same  phenomenon  as  if  it  had  been  placed 
in  immédiate  contact  with  the  pôle  of  the  pile.  From  this, 
therefore,  we  may  conçoive  that  when  we  place  the  extremity 
of  a  galvanometer,  whose  other  extremity  is  attached  to  one 
of  the  pôles  of  a  pile,  in  communication  with  the  terrestrial 
globe,  the  latter  may  be  considered  as  an  indefinite  conductor, 
and  then  we  obtain  the  maximum  intensity,  and  an  indefinite 
duration  of  the  current. 

The  researches  of  Mr.  Faraday,  and  of  Mr.  Wheatstone, 
show  us,  that  the  propagation  of  electricity  is  made,  as  it 
were,  by  a  séries  of  waves,  analogous  to  those  by  which  sound 
is  propagated.*  It  is  not,  therefore,  astonishing  that  the 
velocity  of  the  propagation  varies  with  the  bodies  through 

*  The  expérimente  of  Mr.  Latimer  Clark,  which  wehavegiven  above  (p.  190.) 
while  they  show  that  the  velocity  of  the  propagation  of  the  current  is  the  same,  what- 
ever the  tension  of  the  pile  may  be,  rurnish  a  very  strong  proof  in  favonr  of  the 
analogy  that  we  admit  between  the  mode  of  propagation  of  electricity,  and  that  of 
sounds,  which  are  propagated  in  the  same  médium  with  the  same  velocity,  even 
when  they  are  more  or  less  sharp,  or  more  or  less  intense.  This  had  been 
remarked  by  M.  Melloni,  at  whose  reqnest  Mr.  Latimer  Clark  had  undertaken  the 
important  experiment,  of  which  we  hâve  made  knownthe  résulta.  The  learned 
Italian  philosopher  had  also  observed,  that  the  retardation  in  the  velocity  of  the 
current,  experienced  in  subterranean  wires,  by  the  effect  of  latéral  induction, 
must  be  the  same,  and  that  consequentlv  the  absolute  velocity  must  also  be  the 
same,  whatever  may  be  the  tension  of  the  pile  ;  and  this  because  the  portion  of 
electricity  that  is  diverted  upon  the  side  of  the  coating  of  the  wire,  by  the 
effect  of  the  induction  (which  produces  the  retardation)  being  retaraed  there 
by  a  force  arising  from  this  electricity  itself,  it  must  necessarily  vary  in  propor- 
tion to  its  intensity,  and  consequently  produce  a  retardation,  that  is  always  the 
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which  it  takes  place,  as  has  been  observed  by  MM.  Fizeau 
and  Gonelle.* 

We  shall  not  terminate  this  subject,  without  remarking 
the  still  more  intimate  connection  tliat  the  new  experiments, 
of  which  we  hâve  been  speaking,  contribute  in  establishing 
between  static  and  dynamic  electricity.  We  bave  long 
known,  thanks  to  the  researches  of  Mr.  Colladon,  tbat  a 
carrent  may  be  produced,  capable  of  acting  upon  the  galvano- 
meter, on  drawing  off  by  a  point  the  static  electricity 
accumulated  upon  an  insulated  conductor.  We  now  see  the 
converse,  nainely,  that  on  introducing  a  carrent  into  an 
insulated  conductor,  it  may  be  charged  with  static  electricity. 
The  dynamic  state,  like  the  static  state,  are  therefore  merely 
two  forms,  variable  with  the  arrangement  of  the  apparatus 
and  of  the  experiments,  under  which  one  and  the  same  agent 
is  presented. 

*  More  récent  experiments,  made  by  MM.  Guillemin  and  Burnonf,  on  the 
velocity  of  the  transmission  of  electricity  in  telegraph  wires,  hâve  given  for  the 
velocity  in  an  iron  wire  111,847  miles  per  second,  a  velocity  a  littlo  more  con- 
sidérable than  that  found  also  for  iron  by  MM.  Fizeau  and  Gonelle.  MM. 
Guillemin  and  Burnouf  operated  between  Foix  and  Thoulouse  on  a  Une  formed 
by  two  parallel  iron  wires  '15  in.  in  diameter,  and  51  miles  in  length,  which 
made,  on  joining  them  end  to  end,  a  total  length  of  102  miles.  Their  process 
consisted  in  placing  one  of  the  ends  of  the  wire  in  contact  with  one  of  the  pôles 
of  a  pile,  whose  other  pôle  commanicated  with  the  gronnd,  whilst  the  other  end 
of  the  same  wire  was  in  contact  with  one  of  the  extrcmities  of  a  galvanometer 
whose  other  extremity  communicated  with  the  ground.  Toothed  wheels  esta- 
blished  and  interrupted,  a  greater  or  less  nnmber  of  times  per  second,  the  con- 
tact of  the  two  ends  of  the  wire  respectively  with  the  pôle  of  the  pile  and  the 
galvanometer  ;  the  contacts  and  non-contacts  were  simultaneous  at  both  thèse 
ends.  If  the  propagation  of  the  cnrrent  was  instantaneous,  its  "transmission 
should  always  hâve  taken  place  ;  but  if  it  required  a  certain  time  for  traversing 
102  miles,  we  are  able  by  turniug  the  wheels  with  a  continually  increasing 
rapidity,  to  obtain  a  velocity  such,  that  the  current,  that  sets  out  from  the  pôle 
at  the  moment  in  which  the  contact  takes  place,  does  not  arrive  at  the  galvano- 
meter at  the  other  end  until  the  moment  when  this  contact  no  longer  takes  place, 
the  galvanometer  is  then  no  longer  affected,  and  the  interval  of  time  that  has 
passed  between  the  instant  of  contact  and  that  of  non-contact  is  that,  which  the 
current  has  employed  for  traversing  the  wire  102  miles  in  length.  MM. 
Guillemin  and  Burnouf  employed  four  toothed  wheels  instead  of  two,  two  of 
thèse  four  being  necessary  for  discharging  the  wire  at  its  two  ends,  in  the  in- 
terval of  the  two  successive  contacts  with  the  pôle  of  the  pile,  and  acting 
alternately  with  .the  two  former,  by  causing  the  two  extrcmities  of  the  wire  to 
communicate  with  the  ground.  We  should  further  remark,  that  we  never 
succeed  in  having  an  cntirely  null  déviation  in  the  galvanometer  ;  but  merely  a 
minimum  déviation,  which  is  due  to  an  effect  of  ^induction,  arising  from  the 
proximity  of  the  two  wircs,  whose  union  forms  the  total  circuit  ;  but  this  cir- 
cumstance  changes  nothing  in  the  resuit  s,  providing  care  is  taken  to  observe 
the  velocity  of  the  toothed  wheels,  that  corresponds  to  the  minimum  déviation. 
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In  termînating  this  paragraph  and  this  Chapter,  we  cannot 
refrain  from  remarking  by  anticipation,  in  order  to  justify 
the  extent  we  hâve  given  to  it,  how  much  the  gênerai  and  at 
the  same  time  the  detailed  study,  that  we  hâve  made  of 
the  propagation  of  electricity/  will  facilitate  what  we  are 
about  to  advance  of  the  phenomena,  to  which  this  propagation 
gives  rise.* 


*  List  of  the  principal  worhs  relating  to  the  subjects  treated  upon  in  this 
Chapter, 

De  la  Rive, — Distribution  and  laws  of  the  propagation  of  dynamic  electricity. 
Mémoire  de  la  Soc.  de  Phys.  et  éTHist.  NaU  de  Genève,  t.  iii.  p.  109.  Annales 
de  Ch.  et  de  Phys.  t.  xxviii.  p.  190. —  Influence  of  heat  upon  electric  conducti- 
bilité.   Bibl.  univ.  t  vii  p.  388. 

Kirchoff. — Laws  of  distribution  in  a  métal  plate.  Annales  de  Ch.  et  de 
Phys.  (new  séries),  t.  xL  pp.  115.  and  327.;  Lxli.  p.  496. 

Fechner. — Expérimental  laws  of  the  intensity  of  currents,  in  a  closed  circuit. 
1  voL  in  4to.  Leipsic,  1831. 

PouiUet. — Idem.  Comptes  rendus  de  V Académie  des  Sciences  de  Paris,  t.  vi. 
(  1 837  )  p.  267.     Traité  de  Physique. 

Wheatstone. — Rhéostat  and  electrical  instruments.  Annales  de  Ch.  et  de 
Phys.  (new  séries)  t.  x.  p.  257. — Velocity  of  electricity.  Philosophical  Trans- 
actions ofthe  Royal  Society  of  London  (1836)  part  ii  p.  583.  ;  and  Archives 
de  V Electricité,  t.  ii.  p.  35. 

Jacobi.—  Standard  of  résistance.  Comptes  rendus  de  V Académie  des  Sciences 
de  Paris,  t.  xxxiii.  (1851)  p.  280. 

Matteucci. — Propagation  of  dynamic  electricity  in  liquids.  Annales  de 
Chim.  et  de  Phys.  t.  lxiii.  p.  256.;  and  t.  lxvi.p.225. — Conductibility.  Annales 
de  Ch.  et  de  Phys.  (new  séries)  t.  xv.  p.  498. — Propagation  in  bad  conductors. 
Annales  de  Ch.  et  de  Phys.  (new  séries)  t.  xxvii.  p.  133.;  and  t.  xxviii.  p.  385. 

Marianini. — Propagation  in  liquids.     Annales  de  Ch.  et  de  Phys.  t,  xxxiii. 
p.  141.;  and  t.  xlii.  p.  131. 

Ohm. — Laws  of  the  propagation  of  currents.  Archives  de  t  Electricité,  t.  i. 
p.  30. 

Kohbrausch. — Mode  of  propagation  of  the  carrent  Arch.  des  Sciences  phys. 
U  xxii.  p.  105. 

E.  Becquerel. — Conductibility  of  solids  and  liquids.  Annales  de  Ch,  et  de 
Phys.  (new  séries)  t.  xvii.  p.  262.;  and  t.  xx.  p.  53. — Conductibility  of  gases. 
Idem,  t  xxxix.  p.  355. 

Lenz. — Conductibility  of  certain  bodies.  Bibl.  Univ.  (1838)  t  xvii.  p.  38. 
Idem. — Conductibility  at  différent  températures.  Annales  de  Ch.  et  de  Phys. 
t.  xxxix.  p.  355. 

Wartmann. — Conductibility  of  minerai  substances.  Mémoire  de  la  Soc.  de 
Phys.  et  dHist  NaL  de  Genève,  t  xxiii.  (lst  part).  Arch.  des  Sciences  phys. 
t,  xxii.  p:  84. 

HankeL — Influence  of  heat  on  the  conductibility  of  liquids.  Arch.  des 
Sciences  phys.  t.  vi.  p.  66. 

Biess. — Electric  conductibility  of  certain  solid  bodies,  andofnon-conducting 
bodies.  Arch.  de  V Electricité,  t.  H.  pp.  91.  and  177.— Explosive  distance.  Idem, 
t,  i.  pp.  206.  and  425. — Electric  images.     Arch.  des  Sciences  phys.  i.  i.  p.  425. 

VorseUmann  de  Heer. — Influence  of  heat  on  électrodes.  Arch.  de  t  Electricité, 
t.  i.  p.  589. 

Beetz. — Same  subject.     Arch.  des  Se.  phys.  t.  xiii.  p.  282. 
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Karsten. — Conductibility  of  sulphurets.  Arch.  des  Se.  phys.  t  y.  p.  350. — 
Electric  figures.    Arch.  de  VElectricité,  t  iii.  p.  310.;  and  t.  iv.  p.  457. 

Rousseau. — Apparatus  for  imperfect  conductibility.  Annales  de  Ch.  et  de  Phys. 
t  xxv.  p.  393. 

Wiedemann. — Conductibility  of  crystals.     Arch.  des  Se.  phys.  t  xxiL  p.  44." 

De  SénarmonL — Same  subject  Annales  de  Ch.  et  de  Phys.  (new  séries)  t 
xxviil  p  257. 

Knoblauch. — Direction  of  crystals  between  two  electric  pôles.  Annales  des 
Se.  phys.  t.  xix.  p.  214. 

Ermann. — Unipolar  conductors.  Ann.  de  Ch.  t  IxL  p.  113.;  and  Annales  de 
Ch.  et  de  Phys.  t  xxv.  p.  298. 

Pdtier.— Vaporization  favoured  by  electricity.  Annales  de  Ch.  et  de  Phys. 
t  lxxv.  p.  330.—  Molecular  modifications  of  conductors.  Comptes  rendus  de 
r Académie  des  Sciences,  t.  xx,  (1845)  p.  62.;  and  Arch.  des  Se.  phys.  t.  v. 
p.  182. 

Andrews. —  Conductibility  of  Fiâmes.    JBibl  Univ.  t  vL  (1836)  p.  158. 

BeOi.  -  Différence  between  the  velocity  of  the  dispersion  of  the  two  elactri- 
cities.     Bibl.  Univ.  t.  xxiii.  (1838)  p.  196. 

Morgan. — Conductibility  of  vacuum  and  propagation  in  imperfect  con- 
ductors.    Bihl.  Brit  t  il  p.  119.;  and  t.  xii.  p.  3. 

Harris. —  Electric  influence  of  rarefied  air.  Bibl.  Univ.  t  xvii.  (1838)  p. 
195.  ;  and  PhUosophical  Transactions  (1834)  part  ii.)  p.  203. 

Davy. — Conductibility  of  vacuum.  Annales  de  Ch.  et  de  Phys^  t  xx.  p. 
168. 

Fusinieri. —  Transport  of  solid  substances  by  discharges.  Archives  de  V Elec- 
tricité, t  iii.  p.  597.;  and  t  v.  p.  516. 

Moser.— Images.  Comptes  rendus  de  VAcad.  des  Sciences,  t  xv.  (1842)  pp. 
119.  448.  855.  and  1201. 

Knorr. — Electric  images.     Arch.  de  T  Electricité,  t  y.  p.  115. 

Hunt. — Same  subject.     Idem.  t.  v.  p.  5. 

Morren.  —  Same  subject  Comptes  rendus  de  VAcad.  des  Se.  t.  xvLpp.  1078. 
and  1303.  ;  and  t.  xvii.  p.  87. 

Ma8Son. — Same  subject.  Idem.  t.  xvi.  pp.  762.  and  1652.  ;  and  Arch.  de 
VElectricité,  t.  iii.  p.  445. 

Walker  and  Gould.—  Velocity  of  electricity.  -4»».  des  Se.  Phys.  t  xix. 
p.  303. 

Fizeau  and  GoneUe. — Same  subject  Comptes  rendus  de  VAcad.  des  Se.  t 
xxx.  p.  187.;  and  Arch.  des  Se.  phys.  t  xiv.  p.  212. 

Faraday. — Electric  conductibility,  discharges,  &ca  Collection  of  Mémoire 
extracted  from  the  Phil.  Trans.  rVom  1832  to  1838.  in  1  vol.  8vo. — Induction 
exercised  by  propagation  in  long  wires.     Arch.  des  Se.  phys.  t  xxv.  p.  209. 

Becquerel,  sen.  Conductibility.  Ann.  de  Ch.  et  de  Phys.  t  xxxii.  p.  420. 
Traité  de  VElectricité. 
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CHAR   IL 

CALOKIFIC   AND   LUMINOU8  EFFECT8   OF   DYNAMIC 
ELECTBICITY. 

Forms  and  Conditions  under  which  Heat  and  Light  areproduced 
by  Dynamic  Electricity. 

We  hâve  already  made  mention  of  the  property,  possessed 
by  electricity  in  motion,  of  giving  rise,  during  its  trans- 
mission, to  heat  and  light  We  hâve  even  described  calorific 
voltameters,  founded  upon  the  heat,  that  is  developed  by  the 
electric  current,  while  traversing  a  fine  wire.*  We  hâve 
already  explained  some  of  the  phenomena  of  heat  and  light, 
that  are  prodnced  by  electric  discharges,  nnder  the  form 
of  sparks  or  of  incandescence,  and  of  the  fusion  of  metals.f 
We  are  now  called  upon  to  study  more  closely  this  class 
of  facts,  to  examine  their  détails,  and  to  search  out  their 
laws. 

The  heat  and  light  that  accompany  the  reunion  of  the  two 
electricities,  or  the  condition  that  we  hâve  designated  by 
the  name  of  dynamic  electricity,  présent  themselves  under 
very  vartous  forms.  The  most  simple  and  most  direct  is  the 
élévation  of  température  that  results  iù  a  conductor,  from  the 
passage  of  dynamic  electricity,  either  continuous  as  a  current, 
or  instantaneous  as  a  discharge.  This  élévation  of  température 
is  the  more  considérable  for  the  same  conductor  in  proportion 
as  this  conductor  has  less  dimensions,  and  consequently  as 
it  présents  greater  résistance  to  the  transmission  of  electricity, 
and  a  less  volume  to  the  action  of  the  liberated  heat.  It 
also  varies  with  the  nature  of  the  conductors  ;  but  it  occurs 
in  ail,  as  well  in  liquids  as  in  solids,  only  in  différent  degrees, 
according  to  their  nature  and  their  dimensions. 


*  Vol.  L  p.  32.  and  following  pages, 
f  VoL  L  p.  119.  and  following  pages. 
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A  second  form,  under  which  electrîc  heat  and  light  are 
manifested,  is  that  which  has  been  designated  under  the 
name  of  electric  spark  and  voltaic  arc.  It  différa  from  the 
former  at  the  very  outset,  inasmuch  as  it  always  of 
necessity  gives  rise  at  once  to  light  and  heat;  whilst  the 
former  produces  obscure  heat,  and  does  not  develope  light 
until  the  heat  becomes  sufficiently  intense  to  render  the 
conductor  incandescent.  The  latter  form  differs  further 
from  the  former,  inasmuch  as  the  luminous  and  calorific 
phenomena  are  manifested  by  the  passage  of  dynamic 
electricity,  not  through  a  continuons  conductor,  but  between 
two  conductors,  charged  with  the  contrary  electricities, 
placed  at  a  greater  or  less  distance  from  each  other,  and 
separated  by  an  insulating  médium  or  a  bad  conductor,  such 
as  vacuum,  an  elastic  fluid,  or  a  liquid.  The  spark  differs 
from  the  voltaic  arc,  with  which  in  other  respects  it  has 
many  relations,  in  that  it  is  the  resuit  of  the  instantaneous 
reunion  of  the  two  electricities  ;  whilst  the  arc  is  produced 
by  their  continuous  reunion  ;  so  that  the  arc  may  be  regarded 
as  composed  of  a  séries  of  sparks,  succeeding  each  other 
very  rapidly.  The  spark  is  generally  produced  by  the 
discharges  of  electrical  machines  and  Leyden  jars,  in  the 
phenomenon,  that  we  hâve  called  explosion;  whilst  the 
arc  is  manifested  between  two  conductors,  communicating 
each  with  one  of  the  pôles  of  a  voltaic  pile.  However,  the 
real  identity  that  exists,  notwithstanding  the  différence  in 
appearance,  between  the  spark  and  the  arc,  may  be  easily 
proved  by  employing,  for  their  production,  inductive  currents, 
which  are  equally  suitable  for  the  manifestation  of  them 
both.  A  character  common  equally  to  the  spark  and  the 
arc,  is  the  transport  of  pondérable  matters,  which  is  always 
the  companion  of  their  manifestation. 

Under  whichever  of  the  two  forms  the  libération  of  the 
light  and  heat  produced  by  electricity  is  manifested,  there 
exists,  for  one  as  well  as  for  the  other,  one  condition  neces- 
sary  to  their  manifestation:  it  is  that  dynamic  electricity, 
in  its  transmission,  meets  with  a  résistance,  and  that  it  is 
in  the  points  of  a  given  circuit,  where  this  résistance  is  the 
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greatest,  that  the  beat  and  light  are  most  intense.  This  first 
condition  leads  to  a  second  :  it  is  that  the  electrical  ap- 
paratus  may  liberate  electricities,  endowed  with  a  tension 
sufficient  to  overcome  the  résistance  of  the  médium,  through 
which  their  reunion  is  to  be  brought  about. 

In  the  examination  that  we  are  about  to  make  of  the 
phenomena,  which  we  hâve  been  merely  pointing  out,  we 
shall  then  commence  with  those  that  are  manifested  under  the 
former  form  :  namely,  in  the  case  in  which  the  propagation 
of  electricity  occurs  through  a  continuons  conductor;  we 
shall  then  pass  on  to  those,  that  occur  when  the  conductor  is 
interrupted  (electric  spark  and  voltaic  arc);  we  shall  then 
terminate  this  Chapter,  by  a  more  spécial  study  of  the  electric 
light  and  its  properties. 

Cahrific  Effects,  produced  by  the  Passage  of  Dynamic  Elec- 
tricity through  good  Conductors. 

It  was  not  until  after  science  had  been  put  in  possession  of 
the  Leyden  jar,  that  the  effect  could  be  studied  of  the  beat 
produced  by  electric  discharges  through  good  conductors. 
Franklin,  by  thèse  discharges,  succeeded  in  melting  thin 
leaves  of  métal  ;  Beccaria  and  especially  Priestley,  succeeded 
in  the  same  manner  in  making  wires  incandescent,  and  even 
in  melting  them.  Priestley  had  even  made  a  very  important 
observation,  the  accuracy  of  which  was  confirmed  by  ail 
subséquent  experiments  ;  namely,  that  if  the  discharge  of  a 
powerful  battery  is  passed  through  two  successive  wires, 
connected  with  each  other  end  to  end,  of  the  same  length 
and  the  same  diameter,  but  of  a  différent  nature,  only  one  of 
them  is  melted  and  dispersed,  and  this  is  always  the  one, 
that  is  the  worst  conductor  of  the  two.  Thus,  of  two  wires, 
the  one  of  iron  and  the  other  of  copper,  it  is  the  iron,  that  is 
totally  dispersed  by  the  explosion,  whilst  the  copper  remains 
intact  ;  of  two  wires,  the  one  of  copper,  the  other  of  silver,  it 
is  the  copper,  that  is  dispersed  ;  and  it  is  the  silver,  when  the 
second  wire  is  of  gold,  instead  of  copper. 

Cuthberson,  when  operating  in   the   air  upon   wires    of 
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différent  metals  10^  in.  in  length,  and  with  a  battery,  whose 
inner  coatings  presented  a  surface  of  about  32  square  feet,  had 
obtained  the  following  résulte  :  — 


Nameof  the  Metals. 

Diameter  of  the 
Wires.» 

Charge  In  Grains  of 
the  Klectrometer. 

Colours  of  the  Métal  Doit 
collected. 

Lead  wîre                      ^                     20             Rather  deep  grey. 
Tin          »       -              tjV                      30             Almost  white. 
Zinc         »      -               A                      45                    „        „ 
Iron        „       -             T-fo                     35              Reddish  brown. 

<*pp«  »  -    *       «  { ^r^40 

Platinum,,      -              ti*                     **              Black. 

Silver      „       -             TJV                     48                    „ 

Grold        „       -             Ti*                     40              Brownîsh  purple. 

*  The  diameter»  are  eatinated  in  flractloni  of  Engllih  inchei. 

By  measuring,  on  the  one  hand,  the  charge  of  the  battery, 
by  means  of  an  electrometer*,  and,  on  the  other  hand,  the 
calorific  action  produced  by  the  discharge,  taking  as  a  unit 
of  measure  the  length  of  iron  wire  of  agiven  diameter  melted, 
Cuthberson  found  that  the  calorific  action  was  almost  pro- 
portional  to  the  square  of  the  charge  of  the  battery  for  certain 
lengths  of  wires  ;  this  law,  which  was  merely  glanced  at  by 
Cuthberson,  who  had  only  very  imperfect  means  of  observa- 
tion, was  rigorously  established  by  Riess,  as  we  shall  see, 
presently,  not  for  fusion,  but  even  for  the  heating  of  wires. 

With  the  great  machine  at  the  Teyler  muséum  at  Harlaem, 
Van  Marum  succeeded  in  melting  an  iron  wire  52  ft.  in 
length  ;  and,  by  operating  with  wires  of  a  différent  nature, 
but  of  the  same  diameters,  he  had  found  that  the  length  he  was 
able  to  melt  with  the  same  charge  was  greatest  for  lead,  then 
for  tin,  iron,  gold,  &c  When  the  expérimenta  take  place  in 
the  air,  the  wires  are  not  only  heated  and  melted,  but  are 
also  burned,  if  they  are  of  an  oxidisable  métal.  Priestley  had 
already  made  the  remark,  although  he  had  not  at  that  time 

•  The  weight-electrometer,  employed  by  Cuthberson,  is  similar  to  the  dis- 
charging  electrometer,  by  the  same  philosopher  (Vol.  I.  p.  118.),  in  which  a 
email  travelling  weight  may  be  placed  at  différent  distances  fromthe  axis  of  the 
apparatas,  along  one  of  the  stems,  which  is  divided  so  as  to  détermine  the 
discharge,  only  when  a  certain  intensity  of  electricity  is  attained. 
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just  notions  of  combustion  ;  he  had  in  particular  observed  that 
when  iron  wire  is  melted  by  the  electric  explosion,  brilliant 
sparks  are  dispersed  aronnd  the  room  in  ail  sorts  of  directions, 
which  is  a  sign  of  combustion.  With  steel  wires,  when  the 
charge  of  the  battery  is  not  sufficient  to  melt  them,  their 
surface  is  seen  to  be  covered  with  various  colours,  correspond- 
ing  with  the  degrees  of  oxidation,  they  hâve  undergone. 
Platinum  and  gold  do  not  oxidise  ;  but  are  simply  melted 
and  volatilised.  In  nitrogen,  or  in  hydrogen,  the  other 
metals,  by  the  effect  of  a  discharge  that  disperses  them,  are 
simply  reduced  into  a  fine  powder,  not  oxidised. 

Ail  the  experiments,  that  we  hâve  been  quoting,  are  made 
by  means  of  the  dischargers  described  Vol.  I.  p.  118.  ;  and  in 
globes,  furnished  with  copper  rods,  which  served  to  transmit 
the  discharge  to  the  wires,  when  the  expérimenta  were  made 
in  other  média,  than  in  ordinary  air. 

Very  quickly  after  the  discovery  of  the  voltaic  pile,  it  was 
observed  that  the  passage  of  the  electric  current  through  wires 
was  able,  as  well  as  the  transmission  of  discharges,  to  heat 
them,  to  render  them  incandescent  and  to  melt  them  ;  and  that 
very  intense  phenomena  of  déflagration  were  obtained,  in  the 
same  manner,  with  very  thin  sheets  of  métal,  such  as  gold 
leaf.  Cuthberson  pointed  out  sereral  important  différences, 
between  the  effect  of  the  current  and  that  of  discharges. 
Thus,  besides  the  duration  of  ignition,  that  occurs  in  the  former 
case  and  not  in  the  latter,  there  is  a  further  différence  between 
the  two  modes,  namely,  that  with  charges  there  is  produced 
an  explosion,  that  disperses  the  wires  and  reduces  them  into 
powder,  whilst  nothing  similar  occurs  with  the  current. 

Fourcroy,  Vauquelin,  and  Thénard  were  the  first  to  remark 
that  voltaic  piles  with  large  surfaces,  although  they  hâve  no 
greater  tension  for  a  given  number  of  pairs,  than  hâve  those 
with  small  surfaces,  developed  much  more  heat  than  the  latter 
in  wires  placed  between  their  pôles.  Davy,  on  his  part,  found 
that,  with  a  pile  having  large  plates,  water  could  immedi 
ately  be  raised  to  a  state  of  ebullition  by  plunging  into  it  an 
iron  wire,  two  feet  long,  and  T^  in.  in  diameter,  placed 
between  the  pôles  of  this  pile.     The  wire  iteelf  was  able 
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to  become  red-white  for  a  length  of  three  or  four  inches.  He 
had  previously  been  the  first  to  succeed  in  making  red-hot 
and  burning  steel  wires,  thin  leaves  of  tin,  zinc,  copper, 
silver,  and  gold.  Each  of  thèse  metals  in  burning  gives  forth 
a  flame  of  a  différent  colour,  accompanied  by  a  species  of  cré- 
pitation, and  a  remarkable  kind  of  hissing.  Zinc  gives  a  blue 
flame;  tin,  a  purple;  lead,  a  yellow  with  a  violet  border; 
copper,  a  green  accompanied  with  vivid  sparks  ;  silver,  white 
in  the  centre,  and  green  at  the  edges  ;  gold,  a  brilliant  yellow. 
AU  thèse  metals  oxidise  in  this  déflagration  ;  gold,  in  parti- 
cular,  passes  into  the  state  of  brown  oxide.  Platinum  alone, 
reduced  into  leaves  as  thin  as  possible,  attains  to  white-red, 
melts,  scintillâtes  at  its  edges,  but  does  not  pass  into  the  state 
of  oxide. 

In  order  to  make  thèse  experiments 
conveniently,  it  is  necessary  to  hâve  a 
small  ladder,  composed  of  two  small 
vertical  métal  rods,  fixed  on  a  wooden 
base,  and  connected  by  thick  brass  wires, 
situated  parallel  and  one  above  the 
,  other,  at  a  distance  of  three  or  four 
inches  (Jig.  191.).  Leaves  of  métal  are 
suspended  to  ladders  of  this  kind,  so  that 
the  leaves  of  the  same  nature  are  sus- 
Fig.  191.  pended  to  the  same   wire  ;   then,   after 

having  put  the  métal  ladder  in  communication  with  one  of  the 
pôles  of  the  pile,  the  other  is  connected  with  a  brass  bail,  or 
what  is  still  better,  with  one  of  platinum,  fixed  at  the  end  of  a 
handle  of  wood  or  glass.  The  bail  is  then  made  to  touch 
successively  each  of  the  thin  leaves,  and  its  déflagration  and 
combustion  is  brought  about  by  thus  placing  it  in  the  voltaic 
circuit  In  this  manner,  the  phenomena  of  each  métal  leaf  . 
may  be  very  well  studied  separately. 

Children  subsequently  observed,  on  a  large  scale,  and  in 
a  detailed  manner,  the  calorific  effects  of  dynamic  electricity 
in  good  conductors.  This  philosopher  made  use  of  a  battery, 
of  25  pairs  of  copper  and  zinc,  each  plate  of  which  prfe- 
sented  a  surface  of  62  square  feet,  and  charged  with  acidu- 
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lated  water.  He  commencée!  by  interposing  between 
the  pôles  of  this  pile  wires  associated  in  pairs,  so  as  to  form 
a  single  conductor,  composed  of  two  lengths  of  wire  of  dif- 
férent natures,  but  of  the  same  length  and  the  same  diameter  ; 
the  worst  conductor  became  heated,  and  even  red,  whilst 
the  other  remained  cold  ;  thus,  on  forming  a  métal  chain  of 
three  wires  of  platinum,  and  three  of  silver  alternately,  ail 
the  platinum  wires  were  seen  to  become  incandescent,  whilst 
those  of  silver  were  not  so.  This  resuit  is  simil^r  to  that, 
which  Priestley  had  obtained,  when  employing  discharges  in 
place  of  currents.  Another  experiment  of  Children's,  which 
was  suggested  to  him  by  Wollaston,  consists  in  placing 
parailel  to  each  other,  in  the  circuit,  two  platinum  wires 
of  the  same  length  ;  but  one  of  them  being  ^7  in.  in  dia- 
meter, and  the  other  only  jJïï  in.  ;  the  thickest  of  the  two 
wires  is  seen  to  become  red,  whilst  when  the  two  wires  are 
united,  one  following  the  other,  it  is  the  reverse,  namely,  the 
finer  wire  that  becomes  red.  In  the  latter  case,  as  they 
form  part  of  the  same  circuit,  it  is  not  astonishing  that  the 
finer,  which  présents  the  greater  résistance  to  the  current, 
becomes  the  more  heated  ;  with  regard  to  the  former  case, 
the  larger,  transmitting  the  greater  proportion  of  electri- 
city,  and  having  a  cooling  surface  in  proportion  to  its 
volume,  less  than  that  of  the  finer  wire,  is  the  one  that 
should  acquire  the  more  elevated  température.  ~  Children,  by 
means  of  his  powerful  apparatus,  had  succeeded  in  raising  to 
incandescence  and  even  to  fusion  very  large  and  tolerably 
long  platinum  wires  ;  one  of  them  was  £in.  in  diameter, 
and  2f  feet  in  length  ;  but  ail  thèse  effects*  hâve  since  been 
obtained  on  a  very  much  larger  scale  by  Grove's  and 
Bunsen's  battôry. 

The  most  convenient  apparatus  for  producing  the  différent 
phenomena  of  the  incandescence  of  wires,  that  we  hâve  been 
describing,  consists  (Jig.  192.),  of  two  brass  rods,  fixed  upon 
a  small  table,  and  each  placed  in  communication,  by  a  bind- 
ing  screw,  one  with  the  positive,  the  other  with  the  négative 
pôle  of  the  pile.  One  of  the  rods  carries  binding  screws, 
in   which   are   affixed,  by   one  of  their   ends,  the   various 
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Fig.  192. 


wires  that  are  proposed  to  be  plaoed  in  this  circuit  ;  the  other 
end  of  each  of  thèse  wires  is  wound  round  a  métal  peg, 

which  is  itself  fixed  in  a  hole 
pierced  in  the  second  rod  at  the 
same  height  as  the  correspond- 
ing  binding  screw  of  the  first  rod, 
80  that  the  wire,  when  stretched» 
should  be  perfectly  horizontal 
Now,  in  order  to  prevent  the 
wires  being  ail  at  the  same  time 
in  the  circuit,  below  each  of  the 
holes  of  the  second  colnmn,  a 
second  similar  hole  is  found,  but 
coated  interiorily  with  an  insu- 
lating  layer  of  wax,  glass,  or  ivory.  Into  thèse  holes  the  pings 
are  inserted,  to  which  are  attached  the  wires,  that  are  not  xe- 
quired  to  be  placed  in  the  circuit,  leaving  that,  or  those,  that 
are  required  to  be  heated  by  the  passage  of  the  crurent,  in 
the  métal  holes*  In  this  manner,  we  are  able  to  see  sncces- 
sively  the  effect  of  the  transmission  of  the  same  cnrrent  in 
ail  the  varions  wires,  some  homogeneous,  others  composed 
of  pièces,  alternately  of  one  kind  and  of  another,  some 
larger,  others  finer;  or  to  study  this  same  effect  simulta- 
neously  npon  two  wires  placed  parallel  in  the  circuit;  for 
example,  a  fine  and  a  large  platinnm  wire,  two  wires  of 
the  same  diameter  and  length,  one  of  platinnm,  and  the  other 
of  silver. 

Whilst  Children  was  observing  on  so  large  a  scale  the 
phenomena  of  voltaic  ignition,  Wollaston  sncceeded  in 
heating  to  redness  a  very  fine  platinnm  wire  77^  in.  in 
diameter*,  by  means  of  a  single  small  pair  of  zinc  and  copper 
of  1  sq.  in.  of  surface. 

•  It  ia  known  that  Wollaston  procnred  thèse  very  fine  wires,  by  placing  a 
fine  platinnm  wire  in  the  axis  of  a  cjlinder  of  silver,  and  drawing  the  cylinder 
through  a  draw  plate  into  as  fine  a  wire  as  possible.  One  end  of  it  is  then 
taken  and  bent  into  the  form  of  a  U  ;  the  wire,  with  the  exception  of  its  two 
extremities,  is  then  plunged  for  a  few  minutes  into  nitric  add  ;  the  silver  dis- 
solves, and  there  only  remains  the  platinnm  of  extrême  fineness.  The  ends  of 
this  wire,  which  bave  retained  their  silver  envelope,  serve  for  rendering  it 
sensibla  to  the  eye  and  the  touch. 
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Metals  and  solîd  conducting  bodies  are  not  the  only  bodies 
that  are  heated  by  the  effect  of  the  passage  of  the  electric 
carrent  Liqnids  also  expérience  a  considérable  élévation  of 
température  ;  Davy  had  already  proved  this,  in  his  expéri- 
menta on  the  décomposition  of  water  and  of  saline  solutions,  by 
dynamic  electricity.  Having  placed  in  the  circuit  of  a  battery 
of  a  hundred  pairs  having  small  surfaces,  two  cônes  of  gold, 
filled  with  distilled  water  and  connected  by  a  skein  of  asbestos, 
he  placed  a  thermometer  in  each  of  the  cônes;  he  then 
added  to  the  water  of  the  positive  cône  a  drop  of  solution  of 
sulphate  of  potass;  décomposition  commenced,  and  was 
followed  by  an  élévation  of  température,  which  became 
sufficient  in  two  or  three  minutes  to  cause  the  water  to 
enter  into  a  state  of  ebullition.  With  a  solution  of  nitrate  of 
ammonia,  the  liberated  heat  rose  so  high,  that  it  entirely 
evaporated  the  water  in  three  or  four  minutes.  Oersted 
subsequently  observed,  that  in  a  column  of  water,  traversed 
by  the  current,  the  élévation  of  température  is  more  con- 
sidérable at  the  positive  pôle  (36°.9)  than  at  the  négative 
(32°.4),  but  that  it  is  greatest  (41°.4  F.)  in  the  middle.  I 
arrived  at  the  same  resuit  as  Oersted;  but  I,  at  the  saine 
time,  had  observed  that  the  development  of  heat  in  the  interior 
of  a  liquid  mass,  placed  between  the  two  pôles  of  a  pile,  may 
be  considerably  augmented  by  dividing  it  into  several  corn- 
partments,  by  porous  diaphragms  made  of  bladder  or  gold- 
beater's  skin.  It  is  found  that  the  température  is  higher  in 
the  middle  compartments  than  in  those  of  the  extremities,  and 
that  in  each  compartment  it  is  about  4°  higher  in  the 
portion  of  the  liquid  in  contact  with  the  diaphragm  of  bladder 
than  in  the  rest.  If  the  same  current  is  made  to  pass  suc- 
cessively  through  a  continuous  liquid  in  a  glass  tube  of  a 
certain  diameter,  and  a  certain  length,  and  through  a  skein 
of  cotton  of  the  same  length  and  diameter  as  the  tube,  the 
température  of  the  liquid  contained  in  the  tube,  is  seen  to 
remain  stationary,  whilst  that  in  the  skein  of  cotton  rises 
considerably,  which  is  due  to  the  cells  of  cotton,  wherein 
the  liquid  is  lodged,  forming  so  many  small  compart- 
ments, separated  from   each  other  by  diaphragms,  which 
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the  electricity  is  obliged  to  traverse.  For  the  same  reason 
stalk  of  a  fleshy  plant,  which  is  a  liquid  conductor  separated 
into  a  multitude  of  small  cells  by  non-metallic  diaphragms, 
becomes  heated  until  the  water  it  contains  enters  into  a  state 
of  ebullition  when,  by  meaus  of  two  platinum  points,  it  is 
placed  in  the  circuit  of  a  rather  strong  pile.  Liquids  are 
at  ail  times  placed  in  the  voltaic  circuit  by  means  of  wires  or 
small  plates  of  platinum,  in  order  not  to  complicate  the 
results  by  the  chemical  action  exerted  upon  the  surfaces  of 
the  électrodes,  by  the  solutions,  in  which  they  are  immersed. 

Différent  liquids,  placed  in  the  route  of  the  same  carrent, 
présent  the  same  phenomena  as  métal  conductors  :  namely, 
those  which  conduct  least  are  heated  most.  By  arranging  in 
the  same  voltaic  circuit,  one  after  the  other,  several  similar 
capsules,  each  filled  with  an  equal  quantity  of  water,  or  of 
différent  saline  and  acid  solutions,  connected  two  and  two,  by 
arcs  of  platinum,  it  is  seen  that  the  one  in  which  pure  water 
is  contained,  becomes  heated  18°  or  20°  above  the  température 
of  the  surrounding  air,  whilst  the  others  are  scarcely  heated. 
If  the  capsule  filled  with  water  is  removed,  the  cell,  among 
those  that  remain,  which  contains  the  worst  conducting  liquid, 
is  always  the  one  that  becomes  most  heated. 

Ail  thèse  expérimenta  appear  to  point  out  in  a  decided 
manner  that  in  liquids  as  in  solids,  the  development  of  heat, 
produced  by  the  passage  of  the  electric  current,  arises  from 
the  résistance  experienced  by  this  current  ;  since,  wherever 
this  résistance  is  greatest,  there  also  is  the  élévation  of  tem- 
pérature more  considérable.  This  gênerai  law  finds  its 
further  confirmation  in  several  facts  of  another  nature,  that 
I  hâve  had  the  opportunity  of  observing,  and  to  the  most 
important  of  which  I  shall  confine  myself  to  relating. 

The  heat  developed  in  equal  quantities  of  similar  con- 
ducting liquids»  traversed  successively  by  the  same  current,  is 
more  considérable  in  proportion  as  the  électrodes  présent,  both 
by  their  dimensions  and  their  nature,  greater  résistance  to 
the  current,  their  distances  remaining  the  same.  By  employ- 
ing,  instead  of  côntinuous  currents,  currents  rendered  dis- 
continuons by  means  of  a  rheotome  or  a  commutator  placed 
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in  the  circuit*,  a  less  elevated  température  is  obtained  in 
the  liquid  into  which  the  discontinuous  currents  are  guided 
alternately  in  contrary  directions,  than  in  that  in  which 
they  are  constantly  guided  in  the  same  direction;  but,  as 
we  shall  see,  in  the  Chapter  upon  electro-chemical  décompo- 
sitions, the  transmission  of  electricity  expériences  much  less 
résistance  in  the  former  case  than  in  the  latter.  In  order  to 
make  this  experiment,  we  place  consecutively  two  perfectly 
similar  Systems  of  liquid  conductors,  which  are  united  and 
placed  in  the  circuit  by  small  plates  of  platinum;  then, 
in  the  same  circuit,  we  also  place  a  fine  platinum  wire  plunged 
into  a  given  quantity  of  water,  in  which  is  placed  the  bulb  of 
a  sensitive  thermometer.  The  same  quantity  of  electricity  f 
is  made  to  pass  in  this  succession  of  conductors,  for  the  same 
time  ;  and  it  is  found  that  the  sum  of  the  quantities  of  beat, 
developed  in  the  two  liquid  Systems  and  in  the  platinum  wire, 
is  sensibly  the  same,  whether  the  current  be  continuous  or 
be  discontinuous,  and  guided  constantly  in  the  same  direction 
in  the  two  Systems;  or  finally,  if  it  be  discontinuous 
and  guided  in  one  of  the  Systems,  always  in  the  same 
direction,  and  in  the  other  alternately  in  contrary  directions. 
Only  in  this  case,  the  first  System  is  heated  more  than  the 
second,  as  we  hâve  said,  and  there  is  also  more  beat  developed 
in  the  platinum  wire. 

It  is  very  curious  to  see  the  liquid  System,  in  which, 
the  current  always  travelling  in  the  same  direction,  there 
is  a  libération  of  gas,  become  more  heated  than  that  wherein, 
on  account  of  the  alternately  contrary  direction  of  the 
current,  there  is  no  gas.J     This   resuit  would   appear  to 

*  For  the  description  of  thèse  apparatus,  see  Vol.  I.  p.  300.  fig.  130.;  and 
p.  398-9.  fig.  153. 

f  That  the  same  quantity  of  electricity  has  passed  in  each  case,  is  made 
certain  by  placing  in  the  circuit,  but  so  that  the  discontinuous  current  always 
traverses  it  in  the  same  direction,  a  chemical  voltameter  (Vol.  L  p.  33.),  and  by 
stopping  the  experiment  when  the  same  volume  of  gas  has  been  liberated. 

J  The  absence  of  the  production  of  gas  is  only  apparent.  It  is  due  to  the 
oxygen  and  hydrogen,  which  arise  from  the  décomposition  of  the  water,  suc- 
ceeding  each  other  very  rapidly  on  the  surface  of  the  same  électrodes,  ou 
account  of  the  alternately  contrary  directions  of  the  currents  ;  and  there  is  a 
recomposition  of  the  water,  at  the  same  time  as  a  décomposition. 
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indicate  that  the  formation  of  the  gases  doea  not  diminish 
the  quantity  of  heat  liberated  in  a  liquid  by  the  current, 
which  would  dépend  only  upon  the  résistance,  that  ia  ex- 
perienced  by  the  electricity.  However,  we  hâve  aeea 
that  in  water,  decomposed  by  the  electro-chemical  proceaa, 
the  élévation  of  température  is  lésa  at  the  two  pôles,  at 
which  the  two  gases,  oxygen  and  hydrogen  are  liberated, 
than  it  is  between  them;  and  that  at  the  négative  pôle, 
where  the  libération  of  gas  (hydrogen)  is  greatest,  it  is 
most  feeble.  Thèse  différences  would  seem  to  demons- 
trate  well  that  the  formation  of  the  gases  is  not  without 
some  influence;  the  more  so  as,  when  the  column  of  water 
is  traversed  by  discontinuons  currents,  guided  altemately 
in  contrary  directions,  a  case  in  which  this  formation  does 
not  occur,  ail  thèse  différences  disappear  and  the  distribution 
of  température  in  the  liquid  becomes  perfectly  uniform. 
We  shall  return  to  this  important  point,  when  we  shall  hâve 
studied  the  chemical  effects  of  dynamic  electricity. 

After  this  rapid  review  of  the  principal  résulta,  obtained 
by  the  philosophera  who  hâve  turned  their  attention  to  the 
calorific  effects,  brought  about  by  dynamic  electricity  in 
its  passage  through  good  conductors,  it  remains  for  us 
to  discuss  the  more  précise  laws  which  vigorous  researches 
hâve  enabled  us  to  establish. 

Lam  which  regulate  the  Calorific  EffeeU  of  Discharges  in  good 

Conductors. 

In  order  to  study  more  closely  the  calorific  effects  o( 
discharges,  Harris  and  Riess  both  employed  the  air- 
thermometer,  the  bulb  of  which  is  traversed  by  a  wire, 
which,  in  transmitting  the  discharge,  is  heated  it  to  a  quantity 
that  is  measured  by  the  movement  of  the  thermometric 
index.  This  apparatus,  which  we  hâve  described  in  the 
first  part  of  the  work  *,  in  order  to  be  able  to  furnish  exact 
and  comparable  résulta,  requires  much  care  in  its  construc- 

•  VoL  I.  p.  33.  ./fy.  20. 
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tion;  and  it  is  probably  to  the  imperfection  of  the  one 
employed  by  Harris,  that  we  must  attribute  the  inaccuracy 
of  some  of  the  conclusions,  that  he  deduced  from  his  ex- 
périmenta. Harris,  indeed,  had  thought  he  was  able  to  es- 
tablish  that  the  calorific  effects  of  an  electric  discharge, 
brought  about  throngh  wires,  depended  only  upon  the 
quantity  of  electricity,  and  that  consequently  it  is  the  same 
whatever  be  the  tension  of  the  electricity  in  the  battery, 
provided  the  total  quantity  remains  the  same  ;  a  law  which, 
as  Riess  has  demonstrated,  is  not  accurate.  On  the  other 
hand,  Harris  succeeded  in  measuring  very  accurately  the 
relation  that  exista  between  the  quantity  of  heat,  liberated 
by  a  wire  and  its  electric  résistance,  by  the  efifect  of  the 
transmission  of  the  same  quantity  of  electricity.  The 
following  is  the  Table  that  he  gave  of  thèse  relations  :  — 


Mc-tals. 

Hi-attug. 

KcsUtance. 

Silver          - 
Copper 

Gold 

Zinc 

Phitînutu     -         -        -         - 

Iron 

Tin 

Lead 

6 
6 

9 
18 
30 
30 
36 
72 

1 
1 

H 

3 
5 
5 
6 
12 

It  follows,  as  is  manifest  from  the  Table,  that  the  heating 
is  exactly  proportional  to  the  résistance,  or,  which  cornes  to 
the  same  thing,  is  the  reverse  of  the  electric  conductibility. 

Riess,  by  the  very  spécial  care,  introduced  into  the  con- 
struction of  his  electric  thermometer,  and  by  the  very  large 
number,  as  well  as  the  scrupulous  accuracy  of  his  experi- 
ments,  succeeded  in  establishing  with  remarkable  précision 
the  laws  of  the  phenomena  with  which  we  are  engaged.  In 
announcing  thèse  laws,  we  shall  endeavour  to  describe  the 
processes  that  were  followed  by  this  skilful  philosopher  in 
order  to  arrive  at  them  ;  at  the  same  time  regretting  that 
the  limits  which  are  imposed  upon  us  do  not  permit  of  our 
entering  into  so  many  détails  as  we  should  hâve  desired* 
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The  electric  thermometer  is  composed  of  a  glass  tube 
17  4  in.  in  length,  bent  at  right  angles,  at  its  two  ends,  one  of 
which  is  terminated  by  a  glass  globe,  3|  in.  in  diameter,  the 
other  by  a  cylindrical  vessel  2f  in.  in  height,  by  f  in.  in 
diameter  {fig.  193.).     The  tube  furnished  with  ascale  divided 


Fig.  193. 

arbitrarily,  is  fixed  on  a  wooden  plank,  attached  by  hinges  to 
a  horizontal  base,  so  as  to  hâve  facilities  for  being  inclined  at 
pleasurc,  in  respect  to  the  horizon,  and  for  being  adjusted  in 
the  position  that  is  given  to  it,  by  means  of  a  divided  métal 
arc,  and  a  binding  screw.  Coloured  sulphuric  acid,  diluted 
with  alcohol,  is  poured  into  the  cylindrical  vessel.  The 
globe  of  the  thermometer  is  perforated  in  three  places,  two 
of  which  are  diametrically  opposed  to  each  other.  Métal 
sockets  cemented  in  thèse  two  openings,  are  closed  hermet- 
ically  by  covers  that  are  screwed  upon  them.  The  third  * 
opening  is  furnished  with  a  pièce  of  perforated  métal,  which 
is  closed  by  means  of  a  métal  plug  ;  it  allows  of  the  introduction 
into  the  tube  of  a  liquid  column  of  the  given  length.  Into  the 
two  sockets  therc  enter  with  friction  two  cylinders,  about  2  fin. 
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in  length,  by  2  in.  in  diameter,  furnished  at  their  outer  end 
with  a  screw.     At  their  inner  end  there  is  a  cône,  which  is 
fixed  to  it  by  means  of  a  screw  ;  the  base  of  each  of  the  two 
cônes  is  eut  open,  and  into  thèse  clefts  is  introduced  by  its  two 
ends  the  platinum  wire,  whose  élévation  of  température  we  dé- 
sire to  détermine.   A  rod  of  métal,  that  is  easily  passed  through 
the  globe  is  employed  for  introducing  the  platinum  wire  which 
it  draws  along  ;  after  the  rod  has  been  removed,  the  wire  is 
strained  by  means  of  the  screws.     The  covers  of  the  sockets 
and  the  platinum  wire  are  placed  in  the  circuit  of  the  battery 
by  means  of  thick  brass  wires  ;  the  platinum  wire  on  being 
heated  by  the  discharge,  expands  the  air  in  the  globe  and 
drives  the  liquid  from  the  tube  into  the  réservoir.     The 
instrument  is  more  sensitive,  for  given  conditions,  in  propor- 
tion  as  the  inclination  of  the  tube  towards  the  horizon  is 
greater.    In  estimating  the  heating  of  the  wire,  the  cooling  of 
the  air  caused  by  the  sides  of  the  globe  during  the  time,  which 
is  generally  very  short,  of  the  falling  of  the  liquid,  is  neglected; 
the  surface,  however,  of  the  globe  is  surrounded  by  a  very 
thin  envelope  of  gutta-percha,  covered  with  tinned  plate,  so 
as  to  prevent  the  variations  of  température  that  might  arise 
from  external  causes.    Now,  by  means  of  a  formula  founded 
upon  the  laws  of  heat,  the  increase  of  température  that  has  been 
experienced  by  the  wire  is  deduced  from  the  space  traversed 
by  the  liquid,  estimated  in  linear  divisions  (lines  or  milli- 
mètres).*    After  having  finished  one  experiment,  the  globe 
is  opened,  and  the  wire  is  allowed  to  cool  ;  the  métal  plug  is 
then  gently  replaced.     If  the  cooling  has  been  complète,  the 
liquid,  after  having  descended  a  certain  quantity  in  the  tube, 
stops  ;  if  not,  it  begins  to  rise  again.     We  must  take  care  not 
to  sélect  initial  températures,  too  much  differing  from  each 
other,  in  the  expérimenta  that  are  to  be  compared  ;  for  the 
heating  of  a  platinum  wire  dépends,  in  a  certain  measure,  on 
its  primitive  température,  and  of  which  no  account  can  be 
taken  ;  hence  the  great  importance  of  this  température  being 
at  ail  times  very  nearly  the  same.     In  Riess's  experiments 
it  was  about  60°. 

*  For  the  establishment  of  this  formula,  and  its  application  to  certain  cases, 
sce  note  C.  at  the  end. 
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In  order  to  establish  the  relation  that  exista  between  the 
force  of  a  discharge  and  ita  calorific  effects,  we  must  in  the 

outset  hâve  a  means  of 
measoring  the  quantity  of 
electricity,  with  which  a 
battery  is  charged.  For  thîs 
pnrpose  we  employ  the  elec- 
trometric  jar(/fy.  194.),  which 
is  a  Leyden  jar,  whose  métal 
rod,  that  commonicates  with 
the  inner  coating,  is  furnished 
with  two  balls,  one,  the  lower 
of  the  two,  intended  to  be  put 
into  communication  with  the 
outer  coating  of  the  battery, 
which  is  carefxdly  insulated, 
the  other,  the  upper  one, 
placed  opposite  to  a  perfectly 
similar  bail,  sitoated  at  the 
Fi9- 194.  8ame  height,  and  affixed  to  a 

rod,  that  can  be  moved  by  means  of  a  micrometric  screw  ;  ao 
that  the  two  balls  may  be  approximatedto  a  distance,  measur- 
able  with  great  précision.  This  latter  bail,  being  insulated, 
is  put  into  communication  with  the  outer  coating  of  the  jar, 
by  means  of  a  platinnm  wire  of  a  little  more  than  a  yard  in 
length  and  7  j^  in.  in  diameter,  twisted  round  a  tube,  so  as  to 
render  the  discharges  that  occur  between  the  balls*  lésa 
sharp,  and  thus  to  diminish  the  altérations  that  their  surface 
undergoes,  which  ought  to  be  well  polished.  It  is  in  fact 
necessary  that  thèse  balls,  which  ought  to  be  of  copper,  should 
be  well  rounded  and  polished,  in  order  that  the  discharge 
between  the  outer  and  inner  coating  of  the  jar  may  always 
occur  with  the  saine  quantity  of  electricity.  The  jar  rests 
upon  a  métal  foot,  the  communication  of  which  with  the 
ground  is  made  as  perfect  as  possible. 


*  It  will  not  do  to  omploy  a  longer  and  thinner  wire  ;  for  the  discharges, 
which  are  to  be  counted,  would  not  then  be  sufficiently  strong  or  distinct 
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Now,  in  order  to  use  the  electrometric  jar,  the  outer 
coating  of  the  battery,  which  bas  been  carefully  insulated, 
must  be  put  into  communication  with  its  inner  coating  ;  the 
electricity  of  this  outer  coating,  which  is  driven  into  the  jar,  is 
of  thesame  name  as  thatwith  which  the  battery  is  charged,  and 
it  is  proportional  to  it  •;  so  that,  in  measuring  one,  the  measure 
of  the  other  is  obtained.  Now,  as  soon  as  the  electrometric  jar 
is  charged  with  a  determinate  quantity  of  electricity,  a  dis- 
charge is  brought  about  between  the  two  balls  ;  the  number  of 
discharges  then  serve  as  a  measure  of  the  quantity  of  electricity 
introduced  into  the  battery.  In  order  that  thèse  discharges 
shail  correspond  with  equal  quantities  of  electricity,  it  is  ne- 
cessary  that  the  communication  between  the  outer  coating  of 
the  battery,  and  the  inner  coating  of  the  jar  shall  be  well  es- 
tablished  and  continuous,  and  that  the  rotation  of  the  glass 
plate  of  the  electrical  machine,  by  which  the  battery  is 
charged,  shall  occur  with  as  uniform  a  velocity  as  possible. 
Care  must  also  be  taken  to  bring  the  balls  of  the  electro- 
metric jar  very  close  together,  so  that  the  discharges  may 
occur  with  very  inoonsiderable  quantities  of  electricity,  which 
renders  the  application  of  the  principle,  that  serves  as  the 
bagis  of  this  means  of  measuring,  more  accurate.  The  size  q, 
that  expresses  the  quantity  of  electricity  with  which  the 
battery  is  charged,  has  therefore  for  a  unit  the  quantity  of 
electricity  which,  being  conducted  into  the  battery,  produces 
a  discharge  of  the  electrometric  jar  ;  but  as  this  unit  is  very 
feeble  when  the  two  balls  of  the  jar  are  placed,  for  instance 
at  a  distance  of  j^in.  apart,  we  take  for  a  unit  the  quantity 
of  electricity,  that  corresponds  to  two  discharges. 

Besides  the  quantity  of  electricity,  it  is  essential  to  know 
its  density,  which  dépends  upon  the  estent  0  of  the  inner 
coating  of  the  battery,  or,  which  cornes  to  the  same  thing,  of 
the  number  of  equal  jars  of  which  the  battery  is  composed. 

*  The  method  is  based  npon  the  principle  of  condensed  electricities  (Vol 
L  p.  530,)  i  namelj,  that  if  the  quantity  1  of  electricity  arriying  at  the  battery 
developing  m,  in  the  outer  coating,  gives  rise  to  a  discharge  of  the  electro- 
metric jar,  m  discharges,  arising  firom  «  m  of  electricity  in  die  outer  coating, 
correspond  to  the  quantity  u,  of  electricity,  arrmng  at  the  battery. 
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For  the  same  quantity  of  electricity,   this     density  is   the 
inverse  of  the  said  extent  or  number,  so  that  it  may  be  ex- 

pressed  by  the  fraction  ±.     The  density  may  be  determined 

8 

dîrectly,  by  means  of  a  weight-electrometer  {fig.  195.)  formed 


Fig.  195. 

of  a  rod  of  glass  1 3  inches  in  length,  fornished  at  its  centre 
with  an  arrangement  of  two  pivots  which  rest  npon  two  agate 
planes,  like  the  beam  of  a  balance.  Àt  one  end  of  this  rod 
is  fixed  the  scale-pan  of  a  balance  ;  at  the  other,  a  hollow 
métal  bail  £  in.  in  diameter.  The  beam  would  natnrally 
hâve  a  horizontal  direction  ;  it  is  so  placed  that  the  bail  by 
which  it  is  terminated,  shall  be  immediately  beneath  a  rather 
larger  bail,  that  is  in  communication,  by  means  of  a  good 
conductor,  with  the  inner  coating  of  the  battery,  and  shall  at 
the  same  time  be  in  contact  with  it.  Into  the  scale-pan  is 
placed  a  weight  p,  and  the  battery  is  chargea,  until  the  fixed 
bail  repels  that  of  the  weight-electrometer,  which  was  in 
contact  with  it.  The  number  of  discharges  of  the  electro- 
metric  jar  indicates  what  was  the  quantity  of  electricity 
necessary  to  bring  about  this  repulsion,  and  conséquent^  to  be 
in  equilibrium  with  the  weight  p.  But  the  répulsive  effect  ia 
proportionate  to  the  electric  réactions  or  densities  of  the  two 

balls,  which  arc  the  same,  namcly  -  for  eacli  ;  we  hâve  there- 
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fore  :  p=a  f-j  ,  a  being  a  constant  quantity  ;  whence  we  de- 
duce  q  =s  b  Vp,  b  being  a  constant  equal  to  -j— .     By   taking 

the  mean  of  ail  the  calculated  values,  we  find  6=2.236. 
Then  comparîng  the  values  of  q9  calculated  by  this  formula, 
with  its  observed  values,  we  find  them  in  perfect  accordance  ; 
which  proves  that  the  density  is  very  exactly  expressed,  by 

making  it  equal  to  — .     This  same  weight-electrometer  may 
s 

serve  as  a  discharging-apparatus,  with  a  slight  modification 

in  its  construction,  which  consista  in  placing  the  movable  bail 

between  two  fixed  balls,  one  communicating  with  the  outer, 

the  other  with  the  inner  coating  of  the  battery,  so  that  the 

movable  bail,  which  is  itself  in  communication,  by  means  of 

the  movable  métal  rod,  with  the  outer  coating,  is  repelled  by 

one  of  the  fixed  balls  and  attracted  by  the   other,   to  the 

distance  necessary  for  the  discharge  to  occur.*     (Fig.  196.) 


IRWniiiT'li 


Fig.  196. 


*  Theso  pièces  of  apparat  us,  with  somc  slight  modilications,  are  the  same  ns 
those  described  in  Vol.  I.  p.  118. 
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Now,  in  order  to  operate,  the  battery,  the  diachargîng 
apparatus,  tbe  electrometric  jar,  and  the  electric  thermometer 
are  so  arrangea,  that  the  discharge,  whose  power  is  measured 
by  the  jar,  traverses  the  wire  of  the  thermometer.  The 
universal  discharger  (fig.  197.),  is  also  placed  in  the  circuit, 


Fig.  197. 

in  order  that  other  wires,  besides  the  one  that  is  heated  in 
the  thermometer,  may  bê  introduced.  Care  is  taken  to 
count  the  numbers  of  discharges  of  the  electrometric  jar, 
nntil  the  moment  when  the  charge  of  the 
battery  attains  to  the  point  required*  in 
order  that  the  discharger  shall  act.  It 
is  better  in  very  délicate  experiments  to 
employ  a  discharger  {fig.  198.)  which  is 
made  to  act  in  a  direct  way,  by  drawing 
a  silk  cord,  attached  to  the  arm  of  the 
lever,  when  the  battery  has  been  charged 
with  the  necessary  quantity  of  electricity, 

The  experiments  were  made  with  a  bat- 
tery, whose  nnmber  of  jars  varied  from  2 
to  25,  each  jar  presenting  about  1J  sq. 
ft.  of  surface.  The  quantity  of  electricity 
accumulated  in  the  battery  was  indicated 
by  the  number  of  sparks  of  an  electro- 
metric jar,  the  balls  of  which  were  one  line  distant  from  each 
other.  The  numbers  given  by  the  electric  thermometer  are 
in  perfect  accordance  with  those,  which  would  be  given  by 

the  formula  T  =  b  — ,  in  which  t  expresses  the  élévation 


Fig.  198. 
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of  température,  experienced  by  the  wire  of  the  thermometer, 
q,  the  quantity  of  electricty,  s,  the  surface  of  the  battery,  and 
b,  a  constant,  that  dépends  upon  the  electric  thermometer. 
Hence  is  deduced  the  law  that  the  élévation  of  températures 
experienced  by  a  vrire,  placed  in  the  circuit  ofthe  discharge  of  a 
battery,  is  proportional  to  tlie  product  of  the  quantity  of  electri- 

city  by  the  density  =  g  x  ~  ;  or,  which  cornes  to  the  same 

thing,  to  the  square  of  the  quantity  of  electricity  accumulated  in 
the  battery,  divided  by  the  extent  of  the  battery. 

Now  the  question  is  to  détermine  the  influence  of  the  di- 
mensions of  the  wire  upon  its  heating,  the  circuit  of  the 
battery  remaining  constant.  With  this  view,  platinum 
wires  of  différent  lengths,  coiled  into  hélices,  are  successively 
introduced  into  the  globe  of  the  electric  thermometer,  and  a 
battery  is  employed,  consisting  of  5  of  the  jars  of  1 J  sq.  ft.  of 
surface.  By  an  extensive  séries  of  experiments  the  heating 
of  each  wire  corresponding  to  différent  values  of  q  is  found, 
whence  is  deduced  the  value  of  this  heating  for  q  =  1  and 
s  =  1.  The  following  is  the  Table  of  this  value  for  différent 
lengths  of  wire. 


Leogthi  of  Wire. 

Heating  of  Wire. 

11  in. 

0-238 

8* 

0*228 

6 

0-239 

3J 

0-237 

It  follows  from  this,  that  the  heating,  that  a  platinum  wire 
undergoes  by  the  electric  discharge,  is  independent  of  its 
length.  To  arrive  at  this  resuit,  care  must  be  taken,  when 
operating  with  shorter  wires  than  the  first,  to  introduce  into 
the  circuit  a  similar  wire,  but  of  such  a  length  that  the  sum 
of  the  two  wires  placed  at  the  same  time  in  the  circuit 
shall  be  always  the  same.  In  this  way,  there  is  no  différence 
in  the  résistance  opposed  to  the  discharge,  nor  yet  in  its 
duration,  for  each  experiment  ;  if  this  précaution  is  not  taken, 
the  longeât  wire  becomes  a  little  less  heated,  because  there 
opérâtes  on  the  time  of  the  discharge,  a  greater  retardation 
than  that  resulting  from  the  interposition  of  the  short  wire 
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unless  we  at  the  same  time  compensate  for  the  différence  by 
the  means  we  hâve  just  pointed  out.  It  is  the  same  for  the 
détermination  of  the  law  relating  to  the  influence  of  the 
diameters  of  the  wires;  it  is  necessary,  in  this  case,  to 
operate  with  two  wires  of  différent  diameters  ;  one  of  which 
is  placed  in  the  thermometer,  and  the  other  elsewhere  in  the 
circuit;  then,  after  certain  experiments  made  in  this  way, 
the  respective  places  of  the  two  wires  are  changea,  and  fresh 
experiments  are  made.  The  résistance  of  the  circuit  thus 
remains  the  same,  in  each  séries  of  experiments,  which  causes 
the  time  of  the  discharge  to  remain  the  same  for  each  of  the 
wires,  whose  heating  we  désire  to  détermine.  In  this  manner 
by  comparing  the  wires  two  and  two,  -we  find  :  — 


Radius  of  the  Wire  in  Lines.* 

Heating. 

0029690 

0°'1588 

0*023012 

0  3194 

0-058304 

0  0592 

0036170 

0  3775 

If  the  values  of  the  heatings  are  compared  with  those 
of  the  radii,  it  is  found  that  they  are  inversely  as  the  fourth 
powers  of  thèse  radii.  This  law  would  give,  in  fact,  for 
the  heating  of  the  first  wire,  calculated  according  to  that  of 
the  second,  0*155  instead  of  0*158  ;  and  for  that  of  the  third, 
calculated  according  to  that  of  the  fourth,  0*0589  instead 
of  0*0592.  f  The  différences  between  the  resuit  of  calcula- 
tion  and  that  of  observations  may  be  altogether  neglected 
in  such  experiments  as  thèse.  We  may,  therefore,  consider 
the  following  law  as  being  well  established  :  When  the  sâme 
quantity  of  electricity,  completely  âischarged  in  the  same  interval 
of  time,  traverses  wires  of  the  same  nature,  but  of  différent 
diameters,  each  wire  expériences  an  élévation  of  température, 
independent  of  its  Ungth,  and  inversely  proportional  to  the  fourth 
power  ofits  radius. 

This  law-  proves  to  us  first,  that  each  wire  receives,  by 

*  Thèse  radii  hâve  becn  determined  with  very  great  care,  under  a  compound 
microscope  of  a  magnifying  power  of  190,  by  aid  of  a  micrometer,  that  de- 
tected  the  ten-thousandth  part  of  an  inch. 

t  Thèse  calcolations  werc  made  by  means  of  logarithms. 
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the  same  discharge,  a  quantity  of  heat  proportional  to 
its  length;  or,  in  other  words,  that  each  of  its  points  is 
equally  heated;  which  might  in  the  outset  appear  reason- 
able,  for  there  is  always  in  the  circuit  a  wire  of  a  constant 
length,  of  which  a  portion  only  of  greater  or  less  length  is 
contained  within  the  globe  of  the  electrîc  thermometer,  which 
is  heated  in  proportion  to  the  length  of  this  portion.  The 
law  shows  us,  in  the  second  place,  that  the  wire  receives 
by  the  discharge  a  quantity  of  heat  that  is  in  inverse  ratio 
to  the  square  of  its  radius,  which  is  a  proof  that  the  influence 
of  its  size  does  not  consist  simply  of  the  faot  that,  as  the 
mass  of  wire  to  be  heated  being  more  considérable,  there 
must  resuit  to  it  a  less  température  ;  but  also  of  this,  that 
by  the  effect  of  its  larger  diameter,  the  electricity,  in  tra- 
versing  it,  deposits  in  it  an  absolute  quantity  of  heat  less 
in  amount  ;  the  two  influences,  each  depending  separately  on 
the  volume  of  the  wire,  their  combined  action  must  be 
proportional  to  the  square  of  the  section,  or  to  the  fourth 
power  of  the  diameter. 

In  the  law  that  we  hâve  been  putting  forth,  the  quantity 
of  electricity  transmitted  is  always  the  same  in  the  same 
time:  we  hâve  now  to  détermine  the  influence  that  is 
exerted  on  the  heating  of  an  invariable  wire,  by  a  différence 
in  this  quantity,  or,  which  cornes  to  the  same  thing,  the 
variable  dimensions  of  another  wire  placed  in  the  same 
circuit,  the  length  and  diameter  of  which  are  made  to  vary. 
Expérimenta  demonstrate  that  the  heating  of  the  invariable 
wire  is  inversely  as  the  length  of  the  added  wire  and  in 
proportion  to  the  square  of  its  radius  :  now,  this  is  exactly 
the  law  which  régulâtes  the  electric  conductibility  of  the 
wire;  whence  we  may  conclude  that  the  heating  of  the 
invariable  wire  is  inversely  as  the  résistance  which  the 
discharge  encounters,  or  reciprocally  in  proportion  to 
its  duration.  This  last  conclusion  is  deduced  from  the 
observation  which  demonstrates,  that  the  more  we  increase 
the  résistance  that  is  encountered  by  the  discharge,  by 
introducing  into  its  circuit  either  a  very  long  wire,  or  a  tube 
filled  with  water,  or  a  small  cylinder  of  raoist  wood,  the 
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less  is  the  wire  heatcd  ;  it  ends  even  by  no  longer  becoming 
heated  at  ail,  and  a  very  great  qnantîty  of  electricity  may 
traverse  it  without  in  any  way  affecting  the  liquid  indicator 
of  the  thermometer.  But  then  the  discharge  is  no  longer 
instantaneous  ;  it  lasts  for  an  appréciable  interval  of  time  ; 
and  if  we  suppose  that  the  retardation  it  nndergoes  is  pro- 
portional  to  the  résistance  of  the  conductor  introduced;  and 
consequently,  in  the  case  of  an  homogeneons  wire,  to  its 
length,  we  find  that  the  values  of  the  heating,  calculated 
according  to  a  formula  based  upon  this  supposition,  are 
perfectly  in  accordance  with  the  observed  values.  The 
sanie  accordance  exists  between  calculation  and  observation, 
when  wires  are  introduced,  whose  diameter  and  not  length 
is  variable;  if  indeed  we  admit  that  the  retardation  is 
inversely  as  the  square  of  the  radius,  which  enables  us  to  lay 
down  the  law,  as  follows  :  — 

The  heating  of  a  wire  by  an  electric  discharge  is  redprocaUy 
proportional  to  the  duration  of  the  discharge;  the  retardation, 
that  the  discharge  encounters  by  the  insertion  of  a  wire  in  the  cir- 
cuit, being  itself  m  direct  ratio  to  the  length  of  the  toire,  and  in 
inverse  ratio  to  the  square  ofits  radius. 

By  uniting  in  one  ail  the  laws  that  we  hâve  been  establish- 
ing,  we  are  led  to  the  following  more  gênerai  one  :  — 

The  élévation  of  température  of  the  normal  section  of  an  ho- 
mogeneous  toire  inserted  in  the  circuit  of  a  battery  is  in  inverse 
ratio  of  thefourth  power  of  its  radius,  and  in  direct  ratio  of  the 
quantity  of  electricity  accumulated,  divided  by  the  time  of  the 

discharge:  T=-jx-,a  being  a  constant,  that  dépends  on  the 

Vr  Z 

nature  of  the  wire,  r  the  radius  of  the  wire,  q  the  quantity  of 
electricity,  and  z  the  time  of  the  discharge.*     We  see  that 

*  When  a  very  fine  wire  is  introduced  into  the  electric  thermometer,  and  the 
charge  of  the  battery  is  gradually  increased,  diminishing  at  the  same  time  the 
number  of  jars,  it  is  observed,  even  when  the  total  quantity  of  electricity  does 
not  change,  that  the  heating  of  the  wire  goes  on  increasing,  and  that  the  wire 
itself  Buffers  déficelions  and  finishes  by  being  altogether  crimpled, — a  défor- 
mation that  cannot  be  made  entirely  to  disappear,  except  by  incandescence 
and  polishing.  This  increase  of  effect  produced  by  the  same  quantity  of 
electricity,  but  of  increasing  density  it  is  trne,  can  onîy  be  attributcd  to  an 
increase  in  the  rapidity  of  the  discharge,  and  the  most  simple  supposition  to 
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the  length  of  wire  entera  neither  into  the  law  nor  into  the 
formula;  which  is  a  conséquence  of  the  law,  relative  to 
length,  which  we  established  further  back  ;  since,  as  we  hâve 
remarked,  the  influence  of  length  is  not  felt,  except  on  the 
duration  of  the  discharge,  of  which  z  ia  the  expression.  The 
formula,  that  gives  the  value  z,  includes  the  length  of  the 
wire  introduced  into  the  circuit  ;  but  this  formula,  which  is  a 
little  complicated,  does  not  give  for  z  a  value  o,  when  the  length 
of  wire  becomes  o.  This  resuit,  which  is  a  little  odd  at  first 
sight,  is  explained,  however,  when  we  reflect  that  the  circuit 
is  not  composed  of  wires  only,  but  of  the  points  of  connection 
of  thèse  wires,  which  subsist  always;  so  that  the  time 
giyen  by  the  formula,  when  the  wire  is  reduced  to  a  length  of 
O,  is  that  which  the  discharge  requires  for  traversing  the  in- 
variable parts  of  the  apparatua,  and  the  junction  pièces  by 
which  they  are  connected  together  ;  it  is  this  time  which  is 
taken  for  unity. 

The  heating  of  a  wire  is  also  influenced  by  interruptions 
in  a  circuit,  such  as  those  which  resuit  from  the  interposition 
of  a  stratum  of  air,  of  a  sheet  of  paper  of  a  greater  or  lçss 
thickness,  or  of  a  plate  of  glass  or  mica  between  the  two  ex- 
tremities  of  the  discharger,  between  which  the  discharge 
must  pass  ;  and  expérimenta  lead  to  the  following  résulta  : 
the  electrie  discharge  heats  the  wire  that  it  traversée  less,  in  pro- 
portion as  the  electricity  must  pass  over  a  greater  obstacle  before 
the  discharge  sets  eut.  We  are  not  hère  referring  to  an  ob- 
stacle that  retarda  the  discharge  continuously,  which  would 

admit  is,  that  the  time  of  the  discharge  is  inversely  proportional  to  the  density  of 
the  electricity.  By  calling  y  the  density,  determined  by  the  tension  balance  of  the 
weight-electrometero,  if  the  quantity  1  of  electricity  is  discharged  in  the  time 

—  the  quantity  q  will  be  in  the  time  -î  ;  consequently  z,  the  time  of  the  dis- 

charge  of  the  battery,  is  proportional  to-£.     But    we   haye  seen   that  y 

the  density,  is  eqnal  to   X  j  therefore,  z  —  2-   will  be  equal  to  q  x  L  =  *. 
•  y  ? 

Whence  it  follows,  that  in  the  formula  t  «  b,  2-,  we  may  pnt  z  in  place  of  *, 
and  express  t-JÏ. 

Q» 
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constituée  a  bad  conductor  ;  but  to  an  obstacle  which,  so  long 
as  it  is  not  surmounted,  renders  ail  transmission  of  electricity 
impossible.  But,  as  the  heating  dépends  at  once  upon  tbe 
quantity  of  electricity  and  npon  its  velocity,  and  as  the 
quantity  is  not  sensibly  diminished  by  the  présence  of 
the  obstacle,  we  must  hence  conclude  that  the  obstacle, 
although  it  is  surmounted,  increases  the  duration  of  the 
discharge. 

Finally,  an  important  circumstance,  to  which  we  must 
hâve  regard  in  the  heating  of  a  wire  by  the  discharge,  is  the 
influence  of  inductive  currents,  which  may  be  developed  in 
conductors  that  are  near  those  which  are  traversed  by  the  dis- 
charge. Riess  has  made  a  very  detailed  study  of  this  influence 
also,  by  placing  in  the  circuit  a  Connecting  wire  coiled  into  a 
spiral,  and  near  this  spiral  another  wire  independent  of  the 
battery,  coiled  also  into  a  spiral,  or  simply  a  thin  plate  of  tin, 
interposed  between  two  plates  of  glass.  The  effect  of  this 
exterior  conductor  upon  the  calorific  power  of  the  discharge 
is  felt  only  so  long  as  its  conductibility  is  inferior  to  that  of 
the  Connecting  wire  ;  and  expérience  shows  that  then  the  dû- 
charge  is  more  retarded,  and  consequently  the  heating  of  the 
thermometrio  votre  is  les*  in  proportion  as  the  conductibility  of 
the  exterior  circuit  is  less.  However,  the  diminution  in  the 
heating  in  the  principal  circuit,  which  résulta  from  the 
increase  in  the  résistance  that  is  presented  by  the  closed 
secondary  circuit,  has  a  limit  to  which  we  arrive  by  increasing* 
the  length  of  a  german  silver  wire,  for  instance,  which  forms 
part  of  this  circuit.  The  two  similar  spirals,  both  formed  of  a 
copper  wire  *058  in.  in  diameter,  and  166  in.  in  length,  one 
of  which  forms  part  of  the  principal  circuit,  the  other  of  the 
secondary  circuit,  are  placed  at  i\  in.  from  each  other  ;  the 
german  silver  wire  that  connects  the  two  extremities  of  this 
second  spiral  is  374  in.  in  length  ;  the  heating  expériences  a 
diminution  of  52  per  cent.  :  this  is  the  maximum  of  diminution. 
For  more  considérable  lengths,  the  heating  approaches  to 
what  it  was  at  the  first  ;  and,  when  the  german  silver  wire  is 
about  623  ft.  in  length,  the  diminution  of  heating  is  not  more 
than  13  per  cent     The  diminution  of  heating  dépends  not 


Digitized  by 


Google 


CHAP.  il.  EFFECT8   OF   DYNAMIC   ELECTRICITE.  229 

only  upon  the  conductibility  of  the  secondar y  circuit  ;  it  is 
also  very  much  influenced  by  that  of  the  principal  circuit, 
and  particularly  by  the  résistance  that  is  opposed  to  the 
passage  of  electricity  by  the  platinum  wire  of  the  thermometer, 
on  account  of  its  tenacity.  Thus,  if  we  pass  the  discharge 
through  a  shorter  and  larger  platinum  wire  which  is  placed 
in  the  axis  of  the  hélix  of  a  Breguet's  thermometer»  it  is 
found,  by  means  of  the  indications  of  this  thermometer,  that 
the  diminution  of  the  heating  may  attain,  under  the  influence 
of  the  secondary  circuit,  to  86  per  cent  of  the  primitive 
effect  that  was  obtained,  when  the  secondary  circuit  was  not 
in  existence,  or  was  not  closed. 

In  ail  thèse  experiments,  the  secondary  circuit  acts  merely 
in  conséquence  of  its  conducting  properties  ;  for  exactly  the 
same  effects  are  obtained  by  substitutîng  for  the  german  silver 
wire  one  of  platinum,  that  opposes  the  same  obstacle  to  the 
passage  of  the  electricity. 

The  preceding  facts  confirm  what  we  hâve  said  respecting 
the  duration  of  the  discharge.  In  fact,  the  current  produced 
by  induction  in  the  secondary  wire,  although  alittle  in  arrear 
in  respect  to  the  commencement  of  the  discharge,  neverthe- 
less  reacts  upon  a  portion  of  this  discharge,  retards  its  move- 
ment,  and  consequently  diminishes  its  heating  power.  The 
prolongation  of  the  circuit  has  the  double  effect,  in  the  first 
place,  of  retarding  the  induced  current,  and  by  that  increasing 
its  reaction  upon  the  principal  wire  ;  in  the  second  place,  of 
weakeningthis  current,  and  on  the  other  hand  of  diminishing 
the  same  reaction.  At  first,  the  former  effect  prédominâtes, 
and  the  reaction  is  seen  to  be  increased  ;  but  the  secondary 
current  is  soon  so  much  weakened  that  its  influence  disap- 
pears  more  and  more  until  it  becomes  null  for  a  certain 
length  ;  which  is  équivalent  to  a  complète  interruption  of  the 
circuit  However,  we  shall  not  insist  further  upon  this 
particular  point,  which  is  connected  with  the  properties  of  in- 
duced currents,  a  subject  that  we  hâve  already  discussed  in 
détail  *,  and  to  which  we  hâve  reverted  in  this  place  only  on 


*  Vol.  I.  p.  403.  and  following  pages. 
<*  3 
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account  of  ita  showîng  to  us,  nnder  another  form,  the  remark- 
àble  influence  of  the  duratîon  or  the  velocity  of  the  trans- 
mission of  electricity  upon  its  calorific  power. 

Finally,  we  shall  not  dwell  longer  upon  a  class  of  pheno- 
mena  which  show,  under  another  form,  the  remarkable  in- 
fluence,  that  is  exerted  upon  the  heating  by  the  density  and  the 
duration  of  the  discharges.  Thèse  are  the  calorific  effects, 
that  are  obtained  with  Franklin's  batteries,  which  consist  of 
a  séries  of  Leyden  jars,  placed  in  communication  one  with 
the  other,  so  that  the  knob  of  the  first  communicates  with  the 
conductor  of  the  electrical  machine,  the  knob  of  the  second 
with  the  outer  coating  of  the  first,  and  so  on.*  The  heating 
of  the  wire  produced  by  the  discharge  of  a  battery  of  tins 
kind,  led  Riess,  at  the  end  of  a  great  number  of  expérimenta, 
to  remarkable  results,  in  respect  of  density,  possessed  by  the 
electricity  in  the  varions  jars  of  which  it  is  composed,  and  of 
the  influence  of  the  density. f 

After  having  set  forth  the  gênerai  laws  which  regulate  the 
heating  brought  about  by  discharges  in  good  conductors,  it 
remains  for  us  to  examine  what  is  the  influence  upon  this 
heating,  of  the  particular  nature  of  thèse  conductors,  which  in 
our  expérimenta  are  wires.  It  is  to  Riess  we  are  also  indebted 
for  having,  by  his  very  mimerons  and  accurate  expérimenta, 
determined  this  influence.  This  détermination  was  made  for 
each  wire  by  means  of  two  experiments  :  in  one,  the  wire  snb- 
mitted  to  the  test, —  for  example  a  wire  of  lead,  —  was  placed 
in  the  circuit  of  the  discharge,  in  which  was  also  included  the 
platinum  wire  of  the  electric  thermometer  ;  in  the  other,  the 
leaden  wire  was  in  the  thermometer,  and  the  platinum  wire 
of  the  thermometer  in  the  circuit  Hence  it  was  easy  by 
means  of  the  laws  already  established,  and  by  taking  account 
of  the  diameters  of  the  two  wires,  to  deduce  the  heating  of 
the  leaden  wire,  in  comparison  with  that  of  platinum  ;  the 
opération  was  carried  on  in  the  same  way  for  each  of  the 
other  wires,  and  the  following  Table  was  obtained  :  — 

*  Vide  VoL  I.  p.  115.  fig.  58. 

f  Vide  the  final  note  D,  for  the  détails  relative  to  the  laws  of  the  heating  of 
wires  hy  electric  discharge. 
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Metals. 

Force  of  Retard- 
ation. 

Power   of 
Heating. 

.Qu&ntltiesof  Heat 
liberafed. 

Silver 

&?r  :    : 

Cadmium  - 
Brass 

Palladium  - 
Iron 

Platinum    - 
Tm    - 
Nickel 
Lead 

0-1043 
0-1552 
0-1746 
04047 
0-5602 
0-8535 
0-8789 
10000 
1-0530 
11800 
1-5030 

01267 
01133 

0-2112 

0-3861 

0-7080 
1-0000 
1-5700 
0*8727 
28760 

01120 
01447 
01847 

0-5616 

0-9148 
10000 
0-8917 
11820 
1-4550 

The  comparîson  that  may  be  made  between  the  two  kinds 
of  values  for  the  same  métal,  that  are  contained  in  the  first 
two  columns  of  the  above  Table,  shows  that  there  is  no 
direct  relation  between  them.  But  we  arrive  at  a  more 
satisfactory  resuit,  by  transforming  the  numbers  of  the  second 
column,  which  express  the  relative  élévations  of  température, 
into  relative  quantities  of  heat  For  this  purpose  we  must 
multiply  each  of  thèse  values  by  the  spécifie  heat  and  density 
of  the  métal  to  which  it  refers,  and  divide  the  product  by  the 
product  of  the  spécifie  heat  and  density  of  platinum,  which  is 
always  taken  as  unity.  We  thus  obtain  the  relative  quanti- 
ties of  heat  developed  by  the  electric  discharge  in  each  métal, 
that  developed  in  platinum  being  taken  as  unity  ;  the  third 
column  of  the  above  Table  contains  thèse  values.  We  see 
that  they  differ  very  little  from  the  numbers  that  express  the 
force  of  retardation,  so  that  this  force  and  the  quantity  of 
heat  developed  in  a  métal  may  be  regarded  as  proportional  to 
each  other  ;  and  when  the  first  of  thèse  two  values  has  been 
determined  for  a  métal,  which  is  always  an  easy  matter,  we 
may  readily  deduce  firom  it  the  second,  and  consequently  the 
power  of  heating  of  the  metals.  The  following  is  the  gênerai 
rule:  — 

The  relative  power  of  the  electric  heating  of  a  métal  is  found, 
by  dividing  its  force  of  electric  retardation  by  its  spécifie  fieat  and 
by  its  density. 

It  follows,  from  the  combination  of  ail  thèse  various  laws, 

Q  4 
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that  we  may  express,  by  a  gênerai  formula»  the  quantity  of 
heat  liberated  in  each  of  the  wires,  which,  connectée!  end  to 
end,  compose  a  chain  through  which  the  electric  discharge 
passes.     This  formula  leads  to  the  following  principle. 

In  wires  ofany  métal,  connectée  in  succession  one  to  the  other, 
and  which  serve  at  the  same  time  to  discharge  an  electric  battery, 
quantifies  of  heat  are  liberated,  which  are  exactly  proportional 
to  the  retardations  that  each  of  thèse  wires  takenseparaUlytootdd 
prodtice  in  any  electric  discharge.  This  gênerai  principle  and 
the  formula  that  has  led  to  it,  are  equally  applicable  to  the 
most  simple  case»  that  of  a  single  wire  placed  in  the  circuit; 
and  we  thus  obtain  the  quantity  of  heat  liberated  in  the  wire. 

If  the  wires»  that  are  placed  successively  one  after  the 
other  in  the  circuit  of  the  battery»  are  of  the  same  diameter» 
and  lengths  are  given  to  them  that  are  in  the  inverse  ratio  of 
their  force  of  retardation,  the  formula  indicates  the  same 
quantity  of  heat  from  each  of  them»  provided  the  accumu- 
lation of  electricity  in  the  battery  is  the  same.  Thus»  sup~ 
posing  that  an  electric  battery  is  discharged  successively  with 
wires  of  .the  same  diameter  and  différent  natures»  whose 
lengths  are  for  each  métal  inversely  as  its  force  of  retar- 
dation» and  represented  consequently  by  the  numbers  of  the 
Table»  that  follows,— namely»  for  instance»  148.7  inches  for  the 
silver  wire»  88*8  for  the  gold  wire»  15*5  for  the  platinum 
wire,— we  shall»  it  is  true»  find  that  ail  thèse  wires,  by  the 
effect  of  the  dischaige,  suffer  very  différent  élévations  of 
température;  but  that  if  we  suppose  them  surrounded  by  ice 
during  the  ezperiment»  they  will  hâve  melted»  in  order  to 
return  to  their  primitive  température»  exactly  the  same  quan- 
tity ;  that  is  to  say»  the  total  quantity  of  heat  liberated  in  each 
of  them  would  hâve  been  the  same  ;  which  explains  why  their 
température  is  more  elevated  in  proportion  as  they  are 
shorter. 

Table  cfthe  inverse  values  of  the  force  of  retardation,  this 
force  being  100  for  copper. 

Silver       ------     148*7 

Copper     ------     100- 

Gold  --.--.      88'87 
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Cadmium  „  -  -  -  88*85 

Brass 2770 

Palladium  ...  18-18 

Iron 17-66 

Platinum  ------  15*52 

TSn 14-70 

Nickel 1315 

Lead         ------  1031 

Laws  ofthe  ealorifio  effects,  produeed  by  the  passage  of  con- 
tinuous  currents  ihrough  good  conductors. 

The  résulta  obtained  by  Riess  hâve  had  the  valuable 
advantage  of  determining  in  a  rigoroos  manner  this  dépend- 
ence,  which  long  before  his  time  had  been  recogniaed  to  exist 
between  the  calorific  effects  of  dynamic  electricity  on  the  one 
hand,  and  the  quantity  and  velocity  of  this  electricity  on  the 
other.     It  waa  while  Btudying  the  calorific  powers  of  the 
voltaic  carrent  that  this  dependence  was  discovered,  without 
its  laws,  however,  having  been  exactly  established.     Thus  I 
had  already  shown  in  1830  that  the  reason  for  which  a  pile 
with  large  surfaces,  composed  of  numerous  pairs,  was  pré- 
férable to  a  pile  formed  of  a  great  nnmber  of  pairs  of  less 
surfaces,  for  the  development  of  heat  in  wires  placed  in  their 
circuit,  was  that  the  carrent  in  the  former  case  had  a  greater 
velocity,  and  that  it  was  necessary,  in  order  that  the  calorific 
effect  should  be  at  its  maximum,  that  the  résistance  of  the 
pile  should  not  exceed  that  of  the  wire  placed  between  its 
pôles.     More  recently  I  showed  that  the  calorific  effect 
diminished  with  the  intensity  or  velocity  of  the  electricity  in 
a  much  greater  proportion  than  this  intensity  or  this  velocity. 
For  this  purpose,  having  placed  the  hélix  of  a  Breguet's  ther- 
mometer  *  in  the  circuit  of  a  pile  of  8  pairs  of  zinc  and  copper, 
each  presenting  a  surface  of  41    sq.   fc,  and   which  were 
charged  with  a  mixture  of  40  parts  water,  2  of  sulphuric,  and 
1  of  nitric  acid,  I  passed  the  current  through  a  certain  extent 
of  concentrated  nitric  acid,  placed  in  a  prismatic  glass  trough 
and  which  might  be  separated  into  two  or  more  compartiments 
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by  meana  of  platinum  diaphragma.  À  magnetic  galva- 
nometer  constructed  with  stout  wire  was  also  in  the  circuit. 
The  following  are  the  résulta  :  — 


Number  of  Diaphragma. 

Magnetic  Galranometer. 

Calorific  Voltamcter. 

1 

85 

312° 

2 

84 

170 

3 

83 

115 

4 

75 

12 

5 

40 

0 

6 

37 

0 

By  interposing  into  the  circuit  a  chemical  instead   of  a 
magnetic  voltameter,  the  following  résulta  are  obtained  :  — 


Number  of  Diaphragma. 


Chemical  Voltameter.* 


Calorific  Voltameter. 


0 
1 


5" 
25 


38° 
3 


*  The  number  of  •econda  iodlcatea,  for  the  chemical  Tottameter,  the  time  neeeeaary 
for  obtalning  a  glven  quantlty  of  gaa  ;  it  U  therefore  inrersely  as  the  chemical  power  of 
the  current. 


Thus  the  réduction  of  the  calorific  effect  to  Tly  corresponds 
to  a  réduction  of  only  j-  of  the  chemical  effect  By  sup- 
posing,  therefore,  that  either  the  magnetic  effect  or  the  chemi- 
cal effect  are  in  a  simple  relation  with  the  intensity  and  the 
velocity  of  the  current,  we  see  in  what  greater  proportion  the 
calorific  effect  diminishes  or  increases  with  this  intensity  or 
this  velocity. 

Before  going  further,  let  us  observe  that  there  is  in  the  ca- 
lorific effects  of  dynamic  electricity  an  important  distinction 
to  be  made  between  the  case  of  discharges  and  that  of  conti- 
nuons currents.  In  the  former,  the  velocity,  for  a  given 
quantity  of  electricity,  dépends  only  npon  the  conductors  that 
form  the  arc  for  joining  over  the  battery,  and  upon  the 
extent  of  its  surface  ;  in  the  latter,  it  further  dépends  upon 
the  very  construction  of  the  producing  apparatus.  And,  in 
fact,  when  this  apparatus  is  a  voltaic  pile,  the  latter  forma  a 
part  of  the  circuit  traversed  by  the  current  ;  as  well  as  the 
wire  that  is  heated,  and  ail  the  conductors  by  which  the  two 
ends  of  this  wire  are  connected  with  the  pôles  ;  whilst  with  a 
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battery  of  Leyden  jars  the  same  is  not  the  case.  Another 
différence,  which  renders  ail  comparîson  difficulté  is  that  the 
discharge  must  be  instantaneous,  whilst  the  current  has 
a  certain  duration,  such  that  the  slow  escape  of  the'  same 
quantity  of  electricity  does  not  produce  the  same  calorific 
effect,  as  when  this  electricity,  instead  of  coming  firom  a  pile, 
is  derived  from  an  electric  machine  or  a  Leyden  battery.* 
Nevertheless,  as  we  are  about  to  see,  some.  of  the  laws 
by  which  calorific  phenomena  are  regulated,  when  they  are 
produced  by  a  continuous  carrent,  are  the  same  as  for  the 
case  in  which  they  dérive  their  origin  from  discharges. 
This  is  derived  from  the  researches  of  three  philosophera, 
Joule,  Lenz,  and  E.  Becquerel. 

Joule  measures  the  quantities  of  electricity  by  a  tangent 
galvanometer,  which  he  places  in  the  circuit  ;  he  then  trans- 
mits  the  current  through  a  copper  wire,  which  he  passes  into 
a  glass  tube,  and  then  twists  in  a  hélix  around  this  tube, 
which  is  itself  placed  in  a  vessel  containing  a  certain  quan- 
tity  of  water.  The  following  is  then  the  Table  of  the 
results  :  — 


Déviation  of  the 
Galranometer. 


16° 
31* 
65 

64* 


Quantities  ofdy- 
namic  Electricity.* 


0°-43Q 
0'92„ 
2  -35  „ 
2  -61  „ 
2  73„ 


Heatlng  of 

Water  in  half 

an  Hour. 


3° 
19-4 
23- 
25- 


Relation!  between  the 
Squares  of  the  Quantities  of 
Electricity  of  Column  No.  2. 


2-9 
18-8 
23-2 
25*4 


*  M.  Joule  tàkes  for  the  unit 
capable  of  decomposing  a  hundred 
capable  of  deflecting  hls  galvanometer, 


of  measure  of  the  quantity  of  dynamlc  electricity  a  quanti  ty 
irfd  grains  of  water  per  nour  ;  it  is  produced  by  a  current 
ometer,  35°-5.    It  is  this  unit  that  M.  Joule  calls  Q. 


The  experiment  prolonged  for  an  hour  gave  a  resuit  in 
accordance  with  that  contained  in  this  Table  ;  which  proves 
that  the  heat,  liberated  by  the  current  in  its  passage  through 
the  wire,  is  truly  proportional  to  the  square  of  the  electric 
intensity.  On  the  other  hand,  certain  experiments  made 
with  wires  of  diflFerent  natures,  namely  a  copper  wire,  an 

*  We  ahall  return  to  thèse  différences  when  engagea  npon  the  incandescence 
of  wires,  on  phenomena  in  which  they  are  especially  sensible.' 
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iron  wire  and  a  filament  of  mercury,  contained  in  a  twisted 
glass  tube,  had  proved  to  M.  Joule  that  the  same  current 
transmitted  through  two  of  thèse  différent  conductors,  placed 
one  after  the  other,  produced  quantities  of  heat  which  were 
for  the  copper  wire,  compared  with  the  iron  wire,  5m5:  6; 
and  for  the  copper  wire,  compared  with  the  filament  of  mer- 
cury, as  2*9  :  4-4.  Thèse  relations  were  precisely  those 
which  direct  experiment  shows  to  exist  between  the  electric 
résistances  of  the  conductors  employed.  Whence  may  be 
deduced  the  following  gênerai  law,  that  when  a  current  of 
voltaio  eîectricity  ie  propagated  along  a  métal  conductor,  the 
calorie  liberated  in  a  given  Urne  is  proportùmal  to  the  résistance 
of  the  conductor,  multiplied  by  the  square  of  the  electric  intensity. 

M.  E.  Becquerel  perfected  Joule's  method,  by  taking  ac- 
count  of  the  cooling  that  had  occurred  during  the  continuance 
of  the  experiment,  and  by  employing  for  this  purpose  a 
calorimeter,  in  the  waters  of  which  were  plunged  a  very 
sensitive  thermometer,  and  a  wire  twisted  into  a  spiral,  which 
was  traversed  by  the  current*  The  quantity  of  eîectricity 
was  hère  measured  by  the  quantity  of  gas  liberated  per 
minute  in  a  voltameter,  which  was  brought  to  0°  and  to  *04 
in.  of  pressure  :  this  quantity  was  made  to  vary  by  producing 
the  current  from  a  greater  or  less  number  of  pairs  of  a  con- 
stant force. 

Three  principal  expérimenta  hâve  been  made  according  to 
this  method  :  one  with  a  copper  wire,  a  yard  in  length  and 
•017  in.  in  diameter;  the  second  with  a  platinum  wire  17  |  in. 
in  length,  and  *009  in.  in  diameter;  and  the  third  with  a 
platinum  wire  2*78  ft.  in  length,  and  -039  in.  in  diameter. 
Each  of  thèse  wires  was  twisted  into  a  hélix  around  a  glass 
tube.  If,  in  each  of  the  three  séries  of  experiments,  we 
divide  the  quantities  of  heat,  measured  by  means  of  the 
calorimeter,  by  the  square  of  the  corresponding  quantities  of 
eîectricity,  measured  by  means  of  a  chemical  voltameter,  we 
obtain  as  quotients  numbers  that  are  very  little  différent  from 

*  This  method,  in  which  account  is  taken  of  the  heat  lost  by  cooling  during 
the  continuance  of  the  experiment,  is  the  same  as  that  which  La  Boche  and 
Bérard  adopted  for  the  détermination  of  the  spécifie  heat  of  gases. 
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each  other,  for  each  of  the  expérimenta  of  the  same  séries, — 
numbers  whose  mean  is  for  the  first  séries,  composed  of  six 
expérimente,  0*0340  ;  for  the  second  séries,  composed  of  five 
expérimenta,  0*1844;  and  for  the  third  séries,  composed  of 
four  expérimenta,  3*143.  Thèse  résulta  prove,  first,  that  the 
quantity  of  heat  liberated  by  the  passage  of  the  crûrent  is 
proportional  to  the  square  of  the  quantity  of  electricity  that 
passes;  moreover,  the  three  numbers  above  being  the  ex- 
pression of  the  quantity  of  heat  liberated  by  the  passage  of 
the  same  quantity  of  electricity,  it  is  easy  to  recognise  that 
they  are  in  the  direct  ratio  of  the  résistance  that  is  presented 
by  the  three  wires  to  the  transmission  of  the  current  In 
fact,  the  following  is  a  comparative  Table  of  the  quantities  of 
heat  liberated,  deduced  both  from  experiment  and  from  cal- 
culation  baaed  upon  this  hypotheais  : — 


Wlras. 

Bj  Experiment. 

By  Calculation 

Fine  platinum  wire 
Thick     „ 
Copper  wire  - 

814* 
0187 
0-034 

3143 
0177 
0-038 

Finally,  Lenz  arrived  at  the  same  reaulta  as  Joule  and  E. 
Becquerel,  by  placing  the  wire,  that  is  heated  by  the  carrent, 
in  spirits  of  wine, — a  still  more  imperfect  conductor  than  pure 
water,  which  gives  greater  assurance  that  no  portion  of  the 
carrent  traverses  the  liquid,  and  which  consequently  is 
transmitted  entirely  through  the  wire  ;  a  certainty  that  is 
not  attained  with  water.  In  fig.  199.  B 
représenta  the  glass  stopper  of  a  jar, 
filled  with  spirits  of  wine  ;  this  stopper 
is  pierced  by  two  holes,  which  allow  of 
the  introduction  of  two  thick  métal 
conductora,  that  are  placed  at  B,  in  com- 
munication with  the  pôles  of  a  pile  ;  and 
the  inner  ends  of  which  are  united  by  a 
fine  wire  coiled  into  a  hélix,  which  is 
to  be  heated  by  the  crurent  A  tangent- 
galvanometer    and  a    rhéostat,   -intro- 
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duced  into  the  circuit,  serre  to  measure  the  current  and  to 
reduce  its  force  to  the  standard  desired  in  each  expérimenta 
The  following  Table  contains  the  results  of  sixteen  experiments 
made  with  three  wires  of  german  silver  of  différent  thick- 
nesses,  with  wire  of  platinum,  of  iron,  and  of  copper. 


Nature  of  the  Wires. 

Force  of  the 
Current. 

Time  of  heating 
Splrltofwineio. 

Résistance  of  the 

Wire  to  Condoc- 

tibilitjr. 

German  silver, 

No.  1.        -        - 

6-93 

1-349 

93-50 

do. 

10-53 

0-571 

93-63 

do. 

1430 

0-300 

93  94 

German  silver, 

- 

No.  2. 

1053 

0-920 

58-76 

do. 

14-30 

0-481 

58-64 

do. 

18-32 

0-288 

5901 

do. 

14-30 

0-457 

6016 

German  silver, 

No.  3. 

18-32 

0-384' 

44-59 

Flatinum 

14*30 

0-555 

50-45 

do. 

18-32 

0-325 

51-41 

Iron      - 

22-69 

0-435 

24-92 

Copper 

18-32 

1-301 

13-90 

do. 

22-69 

0-385 

13-90 

do. 

27-52 

0-575 

13-92 

do. 

32-98 

0-381 

14*01 

do. 

27-52 

0-544 

14-31 

According  to  this  Table,  we  perceive  that,  for  each  wire, 
the  résistance  to  conductibility  increases  slightly  with  the 
force  of  the  current,  or  rather  with  its  heating;  which  ought 
to  be  the  case,  since  élévation  of  température  diminishes 
the  electric  conductibility  of  metals. 

It  is  easy  to  deduce,  from  the  number  contained  in  the 
above  Table,  the  différent  laws  of  the  heating  of  wires  by 
the  electric  current  First  we  see  that  the  time  t,  employed 
by  two  différent  wires,  traversed  by  the  same  current,  for 
heating  the  same  quantity  of  spirit  of  wine  1°,  is  the  inverse 
of  the  résistance  l9  to  conductibility  of  thèse  two  wires; 
and  consequently  that  the  heating  itself  is  proportional  to 
this  résistance.  In  fact,  we  hâve  t  x  l  constant  in  ail  the 
experiments  made  with  a  current  of  the  same  force.     The 
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followîng  are    the    values  of  this    prodnct    for    différent 
currents  : — 

With  the  current  of  10*53. 

Fhvt  german  silver  wire     ...    1 1=63-46 
Second  „  ...    tl= 54-06 

.  With  Vie  current  of  1430. 

First  german  silver  wire  ...  £7=28*18 

Second            „  -        -        -  r?  7=28*11 

Third              „  -        -  *  7= 27*49 

Platinum  wire  ...  f  7= 28*00 

In  like  manner,  we  shall  find  t 1  constant  in  four  experi- 
ments  with  the  current  of  18*35  ;  and  in  two  with  the  current 
of  22-69.  The  small  différences  between  the  values  of  t 1 
in  each  case  arise  only  from  the  inévitable  errors  of  experi- 
ment 

The  numbers  of  the  Table  show  also  that  the  heating  is 
proportional  to  the  square  of  the  force  of  the  current  ;  or, 
which  cornes  to  the  same  thing,  that  this  square  is  the  in- 
verse of  the  time  t  of  the  heating  of  1°  ;  namely,  that  a2  t  is 
constant  for  each  of  the  six  wires,  employed  successively 
in  the  experiments.  The  slight  différences  that  are  pre- 
sented  between  the  value  s2  t,  for  each  wire,  are  due  to 
the  fact  that  the  more  rapid  the  heating  is»  the  less  is  the 
loss  of  heat  arising  from  cooling  ;  so  that  t  is  necessarily 
smaller  than  it  would  be  in  the  case  wherein  the  current 
is  more  powerful.  Thus,  if  we  take  for  example  the  ex- 
periments made  with  the  first  wire  of  german  silver, 
we  find  for  «a  t  the  followîng  values  :  lst,  64*8  ;  2nd, 
63*3;  and  3rd,  61*3,  which,  as  we  see,  go  on  diminishing. 
It  is  the  same  for  the  différent  values  of  s*  t  with  each 
of  the  five  other  wires.  In  order  that  thèse  values  should 
be  quite  equal  with  each  of  the  wires,  it  would  be  ne- 
cessary  to  take  account  of  thèse  différences  in  the  influence 
of  cooling. 

Whatever  be  the  case,  we  shall  always  find  the  two  same 
laws  ;  namely,  that  the  heating  is  proportional,  lst,  to  the 
résistance  of  the  wire  to  conductibility  ;  2nd,  to  the  square 
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of  the  force  of  the  carrent.  Thèse  two  laws  combined  ought 
to  give  as  constant,  in  ail  the  expérimente  of  the  aboyé  Table, 
the  product  *3  t  l,  since  t  is  the  inverse  of  the  heating. 
Now,  the  products  s*  t  l,  deduced  from  the  number  fdr- 
nished  by  the  sixteen  expérimente  of  the  Table  are  sensibly 
equal,  and  their  mean  value  is  5856. 

The  induction  currents,  engendered  by  rotation  before 
the  pôles  of  a  magnet  of  an  armature  of  soft  iron  surrounded 
by  a  wire,  présent,  with  regard  to  their  calorific  effects, 
the  same  laws  as  the  currents  of  discharge  and  voltaic 
currents.  Joule  has  also  demonstrated,  by  plunging  into 
water,  furnished  with  a  thermometer,  the  soft  iron  armature 
and  the  bobbins  of  wire  with  which  it  is  surrounded,  that  the 
heat  developed  in  the  wires  themselves  of  the  bobbins  is 
proportional  to  the  square  of  the  intensity  of  the  carrent. 

A  third  law  to  be  added  to  the  two  others  is  that,  what- 
ever  be  the  length  of  a  conducting  wire,  if  it  transmit  the 
same  quantity  of  electricity  in  the  same  time,  the  élévation 
of  the  température  of  each  of  its  pointe  is  the  same.  Only 
if  its  length  increases,  the  source  of  the  current  must  be 
rendered  more  energetic,  in  order  that  the  same  quantity 
of  electricity  shall  pass  in  the  same  time  ;  so  that  the  dévia- 
tion of  a  galvanometer  remains  the  same.  This  law  was 
proved  for  the  first  time  by  Peltier,  and  confirmed  by  EL 
Becquerel. 

The  three  laws  that  we  hâve  established  for  a  continuons 
current  are  the  same  as  those  which  Riess  had  found  for  the 
case  of  the  discharge #,  however,  there  is  between  thèse  two 
modes  of  heating  by  electricity  an  important  différence, 
which  renders  ail  comparison  between  them  very  difficult;  it 
is  the  duration  of  the  former,  and  the  instantaneity  of  the 
latter.  It  would  be  in  vain  to  accumulate  on  a  battery  a 
quantity  of  electricity  equal  to  the  whole  of  that  which  pro- 


*  M.  E.  Becquerel  had  thought  he  had  found  that,  for  currents  as  well  ai 
for  discharges,  the  élévation  of  température  is  in  inverse  ratio  of  the  fburth 
power  of  the  radius  of  the  wire  ;  but  this  law  does  not  yet  appear  to  us  to  be 
Bufficiently  firmly  established  to  enable  of  its  being  admitted.  We  shall  see  this 
hereafter. 
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duces  a  current  capable  of  heating  a  wire  for  a  minute; 
jet  on  making  thîs  electricity  gradually  pass  away  for  the 
period  of  a  minute,  the  saine  amount  of  heating  would 
not  be  produced.  "We  know  besides  that,  in  the  instanta- 
neous  discharge,  the  same  quantity  of  electricity  produces  a 
calorific  effect,  that  varies  with  the  surface  of  the  battery. 
The  cause  of  thèse  différences  lies  in  the  nature,  so  différent 
itself,  of  the  two  sources  of  electricity,  as  we  shall  see,  when 
we  shall  hâve  studied  thèse  sources. 

An  important  point  in  the  researches  that  hâve  been 
engaging  our  attention,  is  to  know  what  the  influence  is  of 
the  heating  itself,  that  the  wire  undergoes,  upon  the  résist- 
ance that  it  opposes  to  the  electric  current.  We  hâve,  in 
fact,  seen  that  this  résistance  increases  with  the  élévation  of 
température  due  to  an  exterior  cause  ;  now,  hère  the  heating 
arises  from  the  résistance  of  the  wire  ;  and,  on  the  other  hand, 
this  résistance  increases  with  the  heating:  where  is  the 
limit,  and  how  is  equilibrium  established  ? 

This  question  has  been  treated  in  détail,  and  resolved  by 
means  of  a  great  number  of  expérimente,  by  M.  Romney  Robin- 
son.  The  instruments  of  which  he  made  use  are,  a  galvano- 
meter,  a  rhéostat,  and  a  very  sensitive  pyrometer,  of  the 
nature  of  the  one  we  hâve  described*,  and  by  means 
of  which  he  was  able  to  appreciate  the  variations  of  tempér- 
ature of  a  wire,  especially  of  one  of  platinum.  The  following 
is  a  Table  of  the  résulte  obtained  with  a  platinum  wire  "078 
in.  in  diameter,  and  a  pile  composed  of  a  greater  or  less  num- 
ber of  pairs.  The  force  of  the  current  is  deduced  from  the 
indications  of  the  galvanometer,  the  current  taken  for  unity 
being  that  which  producing  on  the  galvanometer  a  déviation 
of  45°,  libérâtes  in  a  voltameter  6*57  cub.  in.  of  gas  in  five 
minutes.     The  pyrometer  gives  the  température  of  the  wire. 

•  VoLLp.  32.^.  19. 
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Force  of  the  Current. 

Température  of  the  Wire. 

Résistances  of  the  Wlre  in 
turns  of  the  Rhéostat. 

0*809 

289-7 

305-5 

0*858 

3199 

320  8 

0957 

5593 

385*2 

1-168 

930*9 

497-9 

1-214 

1020-6 

523-8 

1-357 

12150 

591-6 

1404 

1338  7 

643-8 

1-515 

14470 

666-4 

1-538 

1545-6 

706-2 

1-794 

1761-9 

734-4 

2089 

1966-4 

793-9 

2-200 

21160 

8405 

2-222 

2166-2 

827-8 

2-318 

2461-6 

898*2 

It  is  curious  to  see  how  the  résistance  increases  in  a  rapid 
progression  with  the  température  ;  for  at  289°*7  it  is  équi- 
valent to  305*5  degrees  of  the  rhéostat;  and  at  2461°*6,  to 
898-2. 

On  placing  the  pyrometer  in  vacuum,  the  increase  of 
résistance  with  the  température  is  the  same,  only  the  force 
of  the  current,  necessary  to  produce  the  same  température, 
is  a  little  less,  because  the  absence  of  the  surrounding  air 
diminishes  the  cooling. 

The  following  is  a  Table  of  similar  expérimenta  made 
with  a  wire  of  *157  in.  in  diameter.  We  should  remark  that 
the  eighth  experiment  was  made  by  plunging  the  pyrometer 
into  diluted  alcohol,  so  that  the  température  of  the  wire 
could  not  rise  above  that  of  the  boiling  of  this  liquid,  namely, 
207°  Fahr.,  nearly  that  of  the  boiling  of  water. 


Force  of  the  Current. 

Température  of  the  Wire 
in  degrees  Fahr. 

Résistances  ta  Degrees  of 

the  Rhéostat. 

1-522 
2020 
2-411 
2-758 
3-226 
3-699 
4-352 
9-548 
4-821 
5-230 

365-9 
481-3 
719-6 
1020-7 
1310-4 
1518-0 
1883-9 
2078-0 
2206-7 
23551 

127-8 
144-9 
1690 
2120 
238-7 
2701 
318-6 
393-8 
3460 
351-4 
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The  eighth  expérimenta  included  in  this  Table,  démon* 
strates,  that  the  increase  of  résistance  is  not  due  to  the  in- 
crease  of  the  intensity  of  the  current,  since  the  carrent  there 
is  six  times  stronger  than  in  the  first  experiment,  and  the 
wire  présents  less  résistance;  but  that  it  arises  from  the 
élévation  of  température,  which  on  account  of  the  surround- 
ing  alcohol,  is  much  less  in  this  case.  It  even  appears  to  be 
very  exactly  proportional  to  this  élévation  of  température, 
whether  for  a  platinum  wire,  or  for  one  of  copper,  thèse  two 
metals  being  the  only  ones  upon  which  Mr.  Robinson  has 
operated,  because  they  are  the  only  ones  whose  co-efficierit 
of  dilatation  for  high  températures  has  been  determined.* 

The  very  considérable  increase  of  résistance,  which  ac- 
companies  that  of  température  in  a  wire,  gives  rise  to  the 
question, — to  know  whether  the  calorific  effect  of  the 
current,  which  we  hâve  seen  to  be  proportional  to  the  résist- 
ance that  it  encounters,  is  proportional  to  this  résistance,  in 
such  sort  that  the  wire  possesses  it  before  having  been  heated, 
or  to  this  résistance  such  as  it  exista,  when  the  wire  has 
attained  the  température  that  is  imparted  to  it  by  the  passage 
of  the  electricity.  Mr.  Robinson  solved  the  question  by  en- 
closing  a  platinum  wire  w  (Jig.  200.)  in  a 
first  glass  vessel  b,  placed  itself  in  a  se- 
cond A,  filled  with  water;  the  wire  is 
placed  in  the  circuit  by  means  of  the  con- 
ductors  c,  which  receive  the  pôles  of  the 
pile.  The  wire  w  is  first  surrounded  by 
air  ;  the  current  that  traverses  it,  heats  it 
very  powerfully,  and  its  résistance  in- 
creases  accordingly;  its  heat  is  ail  em- 
ployed  in  heating  the  glass  envelopes  and 
the  water  placed  between  them.  In  one 
*'      '  experiment,  the  quantity  of  water  being 

5£  cub.  in.  a  current  of  a  force  equal  to  3*527,  raised  the  tem- 


*  Mr.  Robinson  made  use  of  the  coefficients  of  dilatation  giren  by  Dulong 
and  Petit  ;  bat  he  wu  not  able  to  make  nse  of  the  one  which  thej  hâve  given 
for  iron,  this  métal  being  too  oxidizable  for  its  dilatation  to  be  accurately  ap- 
preciated  at  high  températures. 


a   2 


Digitized  by 


Google 


244  TRANSMISSION   OF    ELECTRICITT.  part  IV. 

perature  of  the  water  from  72°  to  77°*5  Fahr,.  being  trans- 
mitted  for  twelve  minutes;  the  résistance  of  the  wire  was 
équivalent  to  257*6  of  the  rhéostat;  the  wire  was  red-whîte, 
and  its  température  must  hâve  been  about  1500°.  After 
having  allowed  the  apparatus  to  cool,  a  portion  of  the  water 
was  allowed  to  pass  from  the  exterior  into  the  interior  vessel, 
so  as  to  fill  it  completely.  The  current  is  then  transmitted, 
which  is  brought  to  the  force  of  3*558,  almost  the  same  as 
before,  by  placing  in  the  circuit  an  additional  résistance  of 
165° "6  of  the  rhéostat.  The  température  rose  only  2°*97 
instead  of  6°*5,  and  the  increase  of  résistance  of  the  wire  was 
only  89°  of  the  rhéostat,  instead  of  257*6.  If,  in  thîs  latter 
case,  we  still  operate  with  the  same  current,  but  without  in- 
troducing  any  additional  résistance  into  the  circuit,  its  force 
is  then  6*045  ;  the  thermometer  rises  to  83° *2  Fahr.,  and  the 
increase  of  résistance  is  equal  to  94°*5  of  the  rhéostat  The 
force  of  the  current,  which  has  almost  doubled  in  this  case, 
compensâtes  and  more  than  compensâtes  the  effect  of  the  di- 
minution of  résistance  ;  whilst  in  the  second  case,  the  current 
having  preserved  the  same  intensity  as  the  former,  the  heating 
is  nevertheless  much  less  ;  because  the  résistance  is  not  so 
great,  the  wire  being  prevented  by  the  water  in  which  it  is 
plunged  from  acquiring  the  high  température,  which  it  had 
in  the  former  experiment  lt  follows  therefore  from  this 
that  the  true  law  of  the  heating  of  the  wire  by  a  current  is, 
that  the  heat  liberated  is  proportional  to  the  square  of  the  in- 
tensity of  the  current,  and  to  the  actual  résistance  of  the  wire, 
(namely,  that  which  results  from  its  heating). 

The  researches  of  Mr.  Robinson  show  us  that,  when  a  wire 
is  heated  by  a  voltaic  current,  its  résistance  to  the  passage 
of  this  current  gradually  increases  until  the  fusion  of  the  wire 
takes  place,  and  that  this  increase  is  very  exactly  proportional 
to  that  of  the  température.  It  is  therefore  important  to 
researches  in  which  we  intend  to  hâve  exact  measures  of 
currents,  by  means  of  the  rhéostat,  to  take  account  of  this 
cause  in  the  variation  of  the  résistance. 

We  may  further  remark  that  it  is  perhaps  a  matter  of 
difficulty  to  explain  the  great  increase  of  résistance,  of  which 
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we  have  gîven  the  numerical  value,  solely  by  the  effect  of  the 
little  increase  of  the  distance  of  the  particles,  which  arises 
from  the  élévation  of  température.  Mr.  Robinson  found  the 
cause  bearing  very  little  relation  to  the  effect  ;  he  prefers  at- 
tributing  the  phenomenon  to  the  direct  action  of  beat.  How- 
ever,  the  great  élévation  of  température,  experienced  by  the 
wires,  producing  in  them  a  dilatation  in  proportion  always 
more  considérable,  as  they  are  more  highly  heated,  it  would 
not  be  astonishing  that  the  increase  of  distance  of  their  par- 
ticles, that  folio  ws  from  this,  joined  to  the  modifications 
that  the  propagation  of  the  current  itself  expériences,  were 
sufficient  to  account  for  the  increase  of  their  résistance, 
without  being  obligea  to  recur  to  a  direct  intervention  of 
heat,  as  we  shall  see  in  a  subséquent  paragraph. 

The  heating  that  is  experienced  by  the  wire,  by  the  effect 
of  the  current  which  traverses  it,  while  increasing  the  résist- 
ance that  it  opposes  to  the  passage  of  this  current,  must 
therefore,  in  diminishing  at  the  same  time  its  intensity,  favour 
its  calorific  effect  ;  a  double  resuit,  of  which  one  is  the  con- 
verse of  the  other,  that  terminâtes  by  determining  a  state  of 
equilibrium  between  them.  But,  if  by  an  exterior  cause,  we 
cool  one  part  of  the  wire  that  is  red  by  the  current,  the  other 
portion  immediately  becomes  much  more  incandescent,  and 
may  even  melt  or  burn  ;  because  in  diminishing  by  cooling  the 
résistance  of  a  portion  of  the  circuit,  we  increase  the  total 
intensity  of  the  current  that  is  traversing  it.  Davy  was  the 
first  to  observe  this,  by  giving  to  his  experiment  a  very 
striking  form,  which  consisted  in  placing  a  pièce  of  ice  upon  a 
portion  of  platinum  wire  made  red  by  the  current,  which  in- 
creased  considerably  and  immediately  the  incandescence  of  the 
rest  of  the  wire.  In  like  manner,  when  this  wire  was  made 
red  by  the  current  along  its  whole  length,  he  had  merely  to 
heat  a  portion  of  it  to  red-white  by  means  of  a  lamp,  in 
order  that  the  rest  should  become  cold. 

This  influence  of  the  causes  of  exterior  cooling,  upon  the 
phenomenon  of  the  incandescence  of  wires,  gives  rise,  in 
some  cases,  to  effects  that  are  very  inconsistent  apparently, 
but  which,  nevertheless,  enter  into  the  gênerai  laws  that  we 
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have  laid  down: — Thus  it  is  well  known  that  a  platinnm 
wîre  becomes  red  much  more  easily,  and  along  a  much 
greater  length,  in  vaccuo  than  in  air  ;  which  may  be  easily 
verified,  by  means  of  the  apparatus  oîjig  201.  which  consista 


}— © 


Fig.  201. 

of  a  tube  terminated  at  one  end  by  a  pair  pf  brass  nippers, 
to  which  one  end  of  the  wire  is  fixed,  and  at  the  other  by  a 
collar  of  leathers,  in  which  passes  a  métal  rod,  that  slides 
along  the  wire,  so  as  to  place  a  greater  or  less  portion  of  it 
in  the  circuit.  The  nippers  and  the  rod  communicate  ex- 
teriorly  each  with  one  of  the  pôles  of  a  pile.  In  proportion 
as  the  air  is  rarefied  in  the  tube,  and  as  vacuum  is  ap~ 
proached,  we  perceive  that  a  greater  length  of  wire  may  be 
made  red. 

But  if,  instead  of  having  a  single  wire,  there  are  two  suc- 
cessive wires,  perfectly  similar  in  respe  t  o  their  dimensions 
and  their  nature,  separated  firom  each  other  by  a  thick  con- 
ductor,  then  the  cooling  influence  of  the  surrounding  médium, 
produce  effects  that  are  singularly  complex,  and  which 
Grove  was  the  first  to  point  out  and  to  study  with  care. 
The  apparatus  that  was  employed  by  this  learned  English 
philosopher,  consists  (fig.  202-),  of  two  glass  tubes,  about  £  in. 


Fig.  202. 

in  diameter,  and  about  1£  in.  in  length,  closed  by  plugs  tra- 
versed  by  small  copper  rods,  to  which  are  attached  fine  pla- 
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tinum  wires,  coiled  into  a  hélix,  -^  in.  in  diameter,  and 
about  4  in.  in  length,  when  uncoiled  ;  one  of  the  tubes  is  filled 
with  oxygen,  the  other  with  hydrogen,  and  they  are  plnnged 
into  two  similar  distinct  vessels,  each  containing  about 
3£  oz.  of  water,  A  thermometer  is  placed  in  each  vessel  ; 
and  the  wires  are  connected  so  as  to  form  a  continuous 
circuit  A  carrent,  produced  by  a  pile  of  eight  pairs  of 
Grove's,  each  presenting  a  surface  of  eight  square  inches, 
traverses  them  successively  ;  and  the  platinum  wire  placed  in 
the  tube,  which  contains  the  oxygen,  is  seen  to  becoine  red- 
white,  whilst  that  which  is  in  the  hydrogen  tube  is  not 
heated  in  a  visible  manner.  Hitherto  the  phenomenon  does 
not  appear  extraordinary;  since  we  know  that  the  cooling 
influence  of  hydrogen  is  comparatively  much  greater  than  that 
of  the  other  gases.  But  what  is  singular  is,  that  the  tempéra- 
ture of  the  water  is  raised  very  unequally  in  the  two  vessels. 
Thus,  in  one  experiment  it  rose  in  the  vessel  where  the 
hydrogen  tube  was,  from  60°  to  70°  ;  and  in  that  in  which 
was  the  tube  filled  with  oxygen,  from  60°  to  81°,  namely, 
double  the  number  of  degrees  ;  analogous  différences,  but  not 
so  considérable,  are  obtained  with  other  gases.  The  following 
is  the  number  of  degrees,  to  which  water  becomes  heated,  by 
surrounding  the  platinum  wire  successively  with  différent 
gases,  and  associating  it  each  time  with  a  similar  platinum 
wire,  surrounded  by  hydrogen. 

Hydrogen          -  -  -  -                     ÎO0, 

Sulphuretted  Hydrogen  -  -  -        10  -8 

Olefiant  gas  -  -  -                     16  '5 

Carbonic  acid    -  -  -  -  -         19  *8 

Oxide  of  Carbon  -  -  -                     19  8 

Oxygen              »  -  -  -                     21  . 

Nitrogen            -  -  -  -  -21-6 

It  follows  from  this  Table  that  the  tube  in  which  is  the  gas, 
whose  cooling  power  is  most  considérable,  hydrogen,  is  the 
one  that  imparts  the  least  heat  to  the  water  with  which  it  is 
surrounded.  Thus,  not  only  is  platinum  wire  unable  to 
préserve  so  high  a  température  in  this  as  in  the  gases,  which 
is  not  astonishing,  seeing  that  it  is  surrounded  by  a  médium 
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endowed  with  a  greater  amount  of  cooling  power;  but  it 
iDoreover  receives  from  the  carrent  a  less  heat,  as  is  proved 
by  the  température  of  the  water,  which  in  each  case  absorbe 
ail  this  heat. 

Whence  arises  this  latter  effect?  Is  it  that  the  gases  ex- 
ercise a  conducting  power,  proper,  but  différent  for  each, 
which  woold  cause  a  greater  or  a  less  proportion  of  the 
current  to  traverse  them  instead  of  to  pass  entirely  by  the 
wire  ?  But  the  study  that  we  made  in  the  preceding  Chapter, 
of  the  electric  conductibility  of  the  gases,  does  not  allow  us 
to  adopt  this  explanation. 

It  is  to  Olausius  that  we  are  indebted  for  having  found 
the  true  cause  of  this  anomaly,  which  is  due  to  the  wire's 
becoming  a  better  conductor  in  cooling  ;  hence  the  current, 
in  traversing  it,  meeting  with  a  less  amount  of  résistance, 
developes  in  it  less  heat  Thus  the  hydrogen,  in  Grove's 
experiments,  plays  the  same  part  as  the  ice  in  Davy's;  it 
cools  the  platinum  wire  more  than  another  gas  does  ;  by  this 
it  renders  it  a  better  conductor,  consequently,  less  susceptible 
of  being  heated  by  the  current,  whilst  at  the  same  time  it 
facilitâtes  the  transmission  of  this  current  ;  and  in  thus  in- 
creasing  its  intensity,  contributes  to  the  more  considérable 
heating  of  the  wire  placed  in  the  other  gas, 

It  follows  from  this  that  the  more  considérable  the  cooling 
power  exerted  by  a  gas,  the  more  conductive  it  will  render 
the  platinum  wire,  at  the  same  time  it  will  diminish  the 
élévation  of  température,  which  is  produced  in  it  by  the 
passage  of  the  current  Mr.  Grove  himself  found  this  to  be 
the  case,  by  placing  in  the  voltaic  circuit,  with  a  chemical 
voltameter,  the  platinum  wire,  surrounded  successively  by 
each  of  the  gases.     The  following  is  a  Table  of  the  results  : 


Gas  surrounding  the  Wire. 

Quantlty  of  Gu  liberated 
per  Minute. 

Hydrogen           - 

Olefiant  gas       ... 

Oxide  of  carbon 

Carbonic  acid     - 

Oxygen-            - 

Nitrogen             - 

138-6 
1260 
118-8 
1188 
1170 
1150 
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The  order  of  the  gases  in  this  Table  is  perfectly  the  same 
as  in  the  Table  in  which  is  contained  the  cooling  power  of 
each  gas  upon  the  platinum  wire. 

The  laws  that  regulate  the  libération  of  heat  by  the  passage 
of  the  carrent  through  wires,  is  equally  applicable  to  the 
case  of  liquid  conductors,  as  M.  £.  Becquerel  demonstrated, 
making  use  successively  of  two  solutions,  the  one  of  stdphate 
of  copper,  the  other  of  sulphate  of  zinc*  He  took  the  pré- 
caution to  use  as  électrodes,  in  the  former  case,  copper  wires, 
in  the  latter,  zinc  wires,  so  as  to  avoid  chemical  changes  in 
the  liquid,  during  the  continuance  of  the  experiment.  A  ther- 
mometer,  plunged  into  the  liquid,  indicated  its  température, 
and  a  chemical  voltameter  placed  in  the  circuit,  measured 
the  intensit y  of  the  current.  Every  précaution  was  observed, 
as  with  the  wires,  to  take  account  of  the  cooling  of  the  liquid, 
which  was  contained  in  a  platinum  crucible.  The  following 
are  the  quotients,  for  each  solution,  that  are  obtained  by 
dividing  the  number  which  represents  the  quantity  of  heat 
liberated  in  each  experiment,  by  the  square  of  the  number, 
that  represents  the  corresponding  intensity  of  the  current  : 


Experiment*. 

Sulphate  of  Copper. 

Sulphate  of  Zinc. 

Ist.  Experiment 
2nd          do. 
3rd          do. 
4th          do. 

0-2158 
02205 
02032 

0-4280 
0-3025 
0-3190 
0-4123 

Means 

0-2132 

0-3654 

The  very  sensible  equality  of  thèse  quotients,  in  each  séries 
of  experiments,  notwithstanding  severaJ  déviations,  due  to 
the  difficulties  of  the  experiment,  especially  sensible  with 
sulphate  of  zinc,  very  well  shows  that  for  the  same  liquid,  the 
quantity  ofheat  is  proportional  to  the  square  of  the  intensity  of 
the  current 

By  comparing  the  electric  résistance  of  the  two  solutions 
with  that  of  a  platinum  wire  taken  as  a  standard,  we  find 

*  Each  solution  contained  60  grs.  of  sulphate  in  300  grs.  of  wates 
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this  relation  equal  to  0*0261  for  the  solution  of  snlphate 
of  copper,  and  to  0*0320  for  that  of  sulphate  of  zinc 
But,  from  the  expérimente,  the  standard  wire  possesses  a 
conductibility,  such  that  for  a  carrent  capable  of  giving 
'061  cub.  in.  of  gas  per  minute,  the  quantity  of  heat  li- 
berated  would  be  10*027.  Therefore,  if  the  law  of  pro- 
portionality  of  the  heat  liberated  to  the  résistance  is  trne 
for  liquida,  as  for  solids,  we  shall  find  the  quantity  equal, 
for  sulphate  of  copper,  to  10*027  x  0*0261 =0*26;  for  sulphate 
of  zinc,  to  10*027x0*032=0*32.  By  expérimenta,  we 
obtained  0*21  and  0*36. 

The  tolerably  large  différences,  which  are  hère  mani- 
fested  between  the  résulte  of  calculation  and  those  of  ex- 
périment,  may  be  due  to  the  chemical  effects  that  necessarily 
occur  at  the  surface  of  the  électrodes,  even  when  we  hâve 
chosen  the  latter,  so  as  to  annul  thèse  effects  as  much  as 
possible.  Also,  when  engagea  with  liquids  that  undergo  a 
real  chemical  altération  by  the  effect  of  décomposition,  we 
must  necessarily  take  account  of  thèse  effects;  for  this 
décomposition  is  always  brought  about  by  absorbing  the  heat 
necessary  for  the  new  molecular  equilibrium,  a  heat  con- 
stantly  less  than  that  which  is  liberated  by  the  effect  of 
the  résistance  of  the  body  to  the  passage  of  electricity,  which 
is  thus  found  diminished  from  the  former,  which  we  shall 
endeavour  to  estimate  in  the  following  Chapter. 

It  is  not  only  in  the  liquid  conductor  interposed  between 
the  pôles  of  the  pile,  but  also  in  that  in  which  the  pairs 
are  plunged,  that  we  may  verify  the  accuracy  of  the  laws, 
that  we  hâve  been  stating.  Mr.  Joule  has,  in  fact,  proved  that 
the  heat  developed  in  a  given  time  in  each  pair  by  voltaic 
action  alone,  is  proportional  to  the  résistance  of  conductibility 
of  this  pair,  muhiplied  by  the  square  of  ilie  intensity  of  the 
eUctric  current  From  this  law,  combined  with  the  pre- 
ceding,  the  gênerai  principle  is  deduced  that  the  heat,  that  is 
developed  in  any  part  of  the  circuit,  is  proportional  to  the 
square  of  the  force  of  the  current,  multiplied  by  the  ré- 
sistance of  this  part  of  the  circuit  If  the  law  is  exact  for  a 
part  of  the  circuit,  it  must,  according  to  the  very  just  re- 
mark of  M.  Poggendorff,  be  applicable  to  the  whole  of  the 
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circuit»  including  the  pile.  Hence  the  greater  part  of  the 
différences  that  we  hâve  described  (p.  240.),  as  existing  be- 
tween  the  voltaic  pile  and  the  electric  battery,  with  regard 
to  their  calorific  action.  Mr.  Joule  has  deduced  also  certain 
conclusions  from  the  gênerai  law,  which  he  has  verified  by 
expérimenta  of  the  relations  that  exist  between  the  heat 
liberated  by  the  entire  circuit,  and  the  chemical  actions 
that  occur  in  the  circuit,  both  exteriorly  to  the  pairs,  and 
in  the  pairs  themselves.  The  explanation  of  thèse  researches 
cannot  conveniently  be  given,  until  after  having  completed 
the  study  of  the  chemical  effects  of  the  current 

I  must,  however,  before  terminating  this  paragraph,  make 
mention  yet  of  an  important  principle,  that  I  made  known 
in  1843,   and  which  M.  Favre  has  recently  confirmed  by 
more  direct  experiments.     This  principle  consists  in  the  fact 
that  the  sum  of  the  quantities  of  heat  liberated  by  a  given 
current,  in  the  métal  conductor,  by  which  the  pôles  of  a  pair 
are  connected,  and  in  the  pair  itself,  is  constant  ;  only  ac- 
cording  to  the  thickness  of  the  wire  that  serves  as  a  con- 
ductor, it  is  sometimes  one,  and  sometimes  the  other,  of 
thèse  two  quantities  that  is  the  more  considérable.     A  very 
simple  method  of  making  the  experiment  is  to  employ  a  pair 
of  platinum  and  distilled  zinc  or  cadmium  with  very  pure  and 
concentrated  nitric  acid  for  the  liquid  ;  and  to  unité  the  two 
metals  by  a  platinum  wire  of  greater  or  less  thickness,  which 
is  entirely  plunged  into  a  capsule,  similar  to  that  in  which 
the  pair  is  contained,  and  filled  with  the  same  quantity  oi 
nitric  acid.     We  observe  carefully,  with  two  very  sensitive 
thermometers,  the  élévation  of  température  of  the  acid  in 
each  of  the  two  capsules  ;  and  we  find  that  their  sum,  at 
the  end  of  a  given  time,  is  always  constant,  the  one  being 
sometimes  more,  sometimes  less  considérable  than  the  other. 
We  may  in  like  manner  plunge  the  platinum  wire  by  which 
the  two  metals  of  the  pair  are  connected  into  the  same  liquid  as 
the  pair  itself,  and  we  see  that  for  the  same  time,  the  éléva- 
tion of  température  of  this  liquid  is  always  the  same,  what- 
ever  be  the  thickness  of  the  platinum  wire.     In  both  modes 
of  operating,  it  is  necessary  to  solder  to  the  platinum  and 
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and  to  the  zinc  or  cadmium  of  the  pair  a  rod  of  platînum 
of  such  thickness  that  it  cannot  become  heated  ;  by  means 
of  thèse  two  rods,  the  platinum  wire  of  variable  dimensions 
is  placed  in  the  circuit. 

M.  Favre  employed  a  calorimeter  similar  to  theone  he  had 
used  in  the  beautiful  expérimenta  that  he  had  made  in  con- 
junction   with   M.  Silbermann,  upon  the  heat  liberated  in 
différent  chemical  actions,  in  order  to  confirai  and  to  extend 
the  principle  that  I  hâve  just  stated.     He  also  made  use  of 
a  single  zinc-platinum  pair,  and  water  acidulated  with  one- 
twentieth  sulphuric  acid  ;  and  he  interposed  successively  in 
the  circuit  platinum  wires  of  variable  length  and  of  différent 
diameters.     He   always  found   that  for  500   grs.    of  zinc 
dissolved,  a  total  quantity  of  heat  developed,  equal  to  18,137 
units  of  heat,  but  distributed  differently  between  the  pairs 
and  the  platinum  wire,  according  to  the  dimensions  of  this 
latter.     But  this  quantity  of  heat  is  precisely  that  which  is 
liberated  by  the  mère  solution  of  500  grs.  of  zinc  in  acid- 
ulated water,  by  the  effect  of  the  différent  chemical  actions 
that  occur  in  it,  whether  the  sulphate  of  zinc  be  formed  by 
a  transmission   of  electricity   through  a  large  wire,  which 
offers  no  résistance  to  the  current,  or  is   formed  directly 
without    electricity   transmitted  ;    in   this   latter   case,    the 
quantity   of  heat  was  18,444  instead  of  18,137,  which  is 
evidently  due  merely  to  certain  errors  of  experiment.     M. 
Favre  concludes  from  this  that  the  heat  developed  by  the  ré- 
sistance to  the  passage  of  electricity  in  the  conductors  of  the 
pile,  is  a  simple  subtraction  made  from  the  total  heat  produced 
by  the  chemical  actions  that  occur  in  the  pair  or  pairs  ;  and 
that  it  is  rigorously  complementary  to  that  which  remains 
confined  there,  so  as  to  form  a  sum  equal  to  the  total  heat 
corresponding  only  to  the  chemical  reactions,  independently 
of  the  whole  electricity  transmitted. 

It  would  follow  from  M.  Favre's  law  that,  like  as  ail 
chemical  actions  do  not  produce  the  same  quantity  of  heat,  so 
also  the  same  quantity  of  dynamic  electricity  might  also 
produce  very  différent  calorific  effects,  according  to  the 
nature  of  the  chemical  action  which  might  hâve  given  rise  to 


Digitized  by 


Google 


CHAF.  il.  EFFECTS   OF   DYNAMTC   ELECTRI01TY.  253 

it.  M.  Botto  had  already  demonstrated  this  in  some  re- 
searches,  in  which  he  endeavoured  to  compare  together  the 
quantities  of  heat,  liberated  by  the  electricity  derived  from 
pairs  of  a  différent  nature.  We  shall  return  to  this  subject, 
and  to  the  différent  labours  to  which  it  has  given  rise, 
when  we  are  engagea  with  the  production  of  electricity  by 
chemical  actions.  We  shall  content  ourselves  for  the  présent 
with  observing,  that  this  very  important  élément  of  the  vol- 
taie  current,  namely,  the  nature  of  the  action  that  gives 
rise  to  it,  or,  which  cornes  to  the  same  thing,  the  nature 
of  electro-motive  force,  plays,  in  the  production  of  calo- 
rific  effects,  a  part  analogous  to  that  of  the  density  of  elec- 
tricity in  the  libération  of  the  heat  brought  about  by  electric 
discharges.  This  very  just  remark  of  Riess's,  reveals  to  us 
that  it  is  necessary,  in  like  manner  as  we  distinguish  in 
discharges  the  density  of  the  quantity,  to  distinguish  in 
currents  the  intensity  that  would  correspond  to  the  density  of 
the  quantity  :  the  study  of  the  chemical  effects  of  electricity 
will  demonstrate  to  us  this  also. 


Incandescence  and  Fusion  of  Metals  by  Dynamic  Electricity; 
and  the  Molecular  Effects  with  which  they  are  attended. 

We  hâve  confined  ourselves  in  the  two  preceding  para- 

graphs,  to  searching  out  the  laws   that  regulate  the  simple 

heating  of  wires  by  dynamic  electricity,  without  occupying 

ourselves  with  the  changes,  either  permanent  or  transitory,  in 

their  appearance,  which  accompany  this  heating,  when  the 

electricity  passes  a  certain  degrêe  of  intensity.     We  hâve 

already  made  mention  of  thèse  effects,  both  in  the  second 

paragraph  of  this  Chapter,  as  well  as  in  the  fourth  paragraph 

of  the  preceding.     They  consist  essentially  in  incandescence, 

fusion,  vaporization,  as  well  as  in  inflexion,  rupture,  and  other 

molecular    modifications,  which   the   wire   suffers,   by  the 

passage  of  electric  discharges,  relatively  more  powerful  than 

those  which  produce  simple  heating.     The  facts  of  this  order 

are  indeed  essentially  produced  by  discharges  rather  than  by 

electric  currents,  being  the  resuit  of  a  sudden  and  very  in- 
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tense  action,  rather  than  of  a  mcderate  but  continuons  action  ; 
powerful  currents,  however,  are  in  certain  cases,  able  to  ma- 
nifest  them.  It  is  from  Riess  that  we  shall  dérive  the  greater 
portion  of  the  détails,  that  we  shall  give  in  the  study  upon 
which  we  are  about  to  enter. 

The  first  mechanical  effect,  that  a  thin  wire  expériences, 
when  traversed  by  the  discharge,  consiste  of  a  sensible  shock 
and  of  the  formation  of  grey  thick  vapour,  cotrtposed  of 
métal  particles  detached  from  its  surface.  Sparks  are 
at  the  same  time  manifested  at  the  points  of  attachaient 
of  the  wire  with  the  conductors,  intended  for  placing  it 
in  the  arc,  by  which  the  circuit  of  the  battery  is  closed  ; 
thèse  sparks  arise  from  the  métal  particles,  a  little  larger 
than  the  former,  which  are  torn  off  from  the  points  of 
attachaient,  and  which  scintillate  in  becoming  incandescent. 
The  shaking  is  more  sensible  as  the  wire  is  more  mobile  ; 
and,  with  regard  to  the  sparks,  they  are  more  brilliant  with 
platinum  and  palladium  than  with  silver  and  brass;  and 
there  are  none  with  copper.  The  scintillation  even  of  the 
sparks  dépends  at  once  on  the  tenacity  of  the  métal  and  on 
its  degree  of  oxidizability  ;  also,  there  is  none  with  silver, 
whilst  with  iron  it  is  very  powerful,  The  formation  of 
the  cloud  of  vapour  is  a  phenomenon  much  more  constant  ; 
but  its  intensity  varies,  not  only  from  one  wire  to  the  other, 
but  also  in  the  same  wire  from  the  state  of  its  surface. 
Thus  a  platinum  wire,  which  has  been  well  polished,  care- 
fully  adjusted,  and  hermetically  secured  to  its  points  of 
connection,  Tequires  a  more  powerful  discharge  than  another 
similar  wire,  but  which  is  not  under  the  same  conditions, 
in  order  to  manifest  the  phenomena,  that  we  hâve  been 
pointing  ont  By  gradually  augmenting  the  force  of  the 
discharge,  an  altération  is  observed  in  the  physical  state 
of  the  wire,  which  becomes  persistent;  it  is  an  inflection 
that  is  at  first  manifested  only  as  a  diminution  of  polish 
in  one  point  of  the  surface,  and  which  ends  by  becoming 
more  and  more  sensible,  and  by  transforming  itself  into 
a  very  appréciable  angle  with  sides  some  tenth  of  an  inch 
or  so  in  length.     This  angle  is  generally  very  obtuse,  often 
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110°.  It  is  equally  manifested  in  wires  of  platinum,  iron, 
and  copper,  even  when  they  hâve  considérable  diameters. 
Its  formation  is  more  difficulté  when  the  wire  is  strongly 
stretched  ;  its  place  is  then  frequently  snpplied  by  a  simple 
slight  notch  or  by  a  tearing  of  the  wire  itself»  which  occnrs 
where  the  inflexion  would  hâve  been  formed,  if  the  wire 
faad  been  able  to  yield.  The  undulating  appearance,  that 
is  presented  by  the  wires,  when  they  hâve  been  raised 
several  times  in  succession  to  a  state  of  incandescence, 
by  repeated  discharges,  is  due  to  the  formation  of  several 
of  thèse  angles,  which  modify  each  other  in  this  manner. 

To  thèse  inflexions  we  may  evidently  trace  the  shortening 
of  wires,  which  hâve  suffered  a  great  number  of  discharges, 
and  which  Nairn  and  Van  Marum  had  long  ago  pointed  out, 
the  former  having  succeeded,  by  means  of  fifteen  powerful 
and  successive  discharges,  in  making  an  iron  wire,  that  was 
10*6  in.  in  length  and  yïï  in  diameter,  '78  in.  shorter;  the 
latter  having,  by  a  single  discharge,  made  an  iron  wire  25J 
in.  in  length,  -31  in.  shorter.  Riess  has  actually  shown 
that  a  platinum  wire  6*8  in.  in  length,  which  had  suffered 
a  shortening  of  *46  in.  by  the  effect  of  discharges,  returned, 
within  about  K)7  in.  of  its  primitive  length,  by  being  simply 
drawn  between  the  Angers;  he  satisfied  himself  that  this 
apparent  shortening  is  always  due  to  the  inflexions  which,  in 
certain  cases,  escape  a  superficial  observation. 

M.  E.  Becquerel  had  equally  observed  that,  whether  in 
air  or  in  vacuo,  wires  of  platinum  and  of  silver,  of  a  very 
small  diameter,  shorten  and  become  undulated,  under  the 
action  of  one  or  of  several  discharges  ;  and  that  this  effect 
increases  with  the  number  of  the  discharges. 

The  incandescence  of  wires  is  subject  to  the  same  laws 
as  the  simple  heating  :  Riess  has  demonstrated  this  by  placing 
in  the  closing  arc  an  electric  thermometer,  furaished  with 
a  wire,  sufficiently  strong  not  to  undergo  mechanical  altéra- 
tion, but  to  suffer  a  simple  heating  by  the  effect  of  the 
discharge,  whose  intensity  it  serves  to  measure.  Thus,  in 
seeking  to  détermine  the  quantity  of  electricity  and  the 
number  of  jars,  necessary  for  bringing  a  platinum  wire  of 
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a  given  dimension  to  a  state  of  incandescence  visible  by 
daylight,  it  is  found  that  in  order  that  the  heating,  indi- 
cated  by  the  electric  thermometer,  and  the  incandescence 
shall  remain  the  same,  it  is  necessary  that  the  product 
of  the  quantity  of  electricity  by  its  density  shall  be  constant 

In  the  experiments  made  by  Riess,  this  product  -  was  at  a 

mean  31,  q   being  the  quantity  of  electricity,  and    ^    its 

density;  it  follows  from  this  that,  knowing  this  product  31,  we 
may  détermine,  for  any  number  * l  of  jars,  the  quantity  of  elec- 
tricity q,  necessary  to  render  the  same  platinum  wire  incan- 

descent    In  fact,it  is  necessary  to  hâve  *-  =  31  or  j=  v^3Ïi. 

The  folio wing  is  a  Table  of  the  comparative  result3  of 
calculation  and  observation,  as  Riess  obtained  them  :  — 


Number  of  jars        -            -2 

3 

4 

5 

7 

Calculated  value  of  quantity     7*9 

9-6 

11 

12-4 

14-7 

Observed        M              „          8 

10 

11 

12 

14 

It  is  remarkable  that  the  observed  values  agrée  so  well 
with  the  calculated  values,  in  the  appréciation  of  a  pheno- 
menon,  in  which  the  sensibility  of  the  eye  plays  so  important 
a  part. 

The  force  of  the  discharge,  necessary  for  the  production  of 
incandescence  is,  as  for  simple  heating,  independent  of  the 
length  of  the  wire,  and  proportional  to  the  fourth  power  of 
its  radius.   In  order  to  demonstrate  the  accuracy  of  the  former 
law,  we  take  first  a  platinum  wire  1*37  in.  in  length,  and  find 
that,  in  order  to  render  it  incandescent,  a  discharge  is  required 
determining  in  the  electric  thermometer  a  heating  equal  to  8, 
produced  itself  by  4  jars,  with  a  quantity  of  electricity  q  =  12, 
or  by  7  jars  with  q  =  15,  which  cornes  to  the  same  thing, 
according  to  the  preceding  law.     With  a  wire  fîve  times 
longer,  namely  6*85  in.,  we  require,  it  is  true,  with  4  jars,  a 
quantity  of  electricity  q  =  22,  but  producing  on  the  thermo- 
meter the  same  heating,  8,  which  proves  that  the  force  of  the 
discharge  has  remained  the  same. 
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The  second  law  résulta  from  expérimenta  made  with  five 
wires  of  différent  diameters,  placed  successively  with  the 
electric  thermometer  in  the  same  closing  arc  By  calcu- 
lating,  according  to  the  law,  what  ought  to  be  the  force  of 
the  discharge,  or,  which  cornes  to  the  same  thing,  the  tempé- 
rature indicated  by  the  electric  thermometer,  in  order  to 
produce  the  incandescence  of  each  of  the  five  wires,  and  by 
comparing  the  resuit  of  calculation  with  that  of  observation, 
the  folio wing  Table  is  found  : — 


Radias  of  the  Wire. 

Température  of  the  Electric  Thermometer. 

Obtenred. 

Calculated. 

0-00157  in. 
0-00184  „ 
0-00231  „ 
0-00255  „ 
0-00353  „ 

1-2 
2-7 
58 
8.1 
310 

1-3 
23 
5-4 
80 
324 

When  the  object  is  to  compare  the  electric  charges  ne- 
cessary  for  producing  the  incandescence  of  the  divers  metals, 
the  experiment  is  much  more  difficult  ;  because  the  colour  of 
the  métal,  its  greater  or  less  facility  of  oxidising,  render  the 
observation  uncertain.  However,  Riess  succeeded,  by  the 
same  method  as  the  above,  in  determining  for  wires  of  the 
same  diameter,  but  of  différent  natures,  the  force  of  discharge 
necessary,  in  order  to  render  them  incandescent.  The 
following  are  the  results,  that  he  obtained  with  the  metals  of 
commerce,  and  consequently  those,  whose  chemical  purity 
cannot  be  guaranteed. 


Iron 

- 

. 

- 

0-816 

Germait  eilver 

- 

- 

• 

0950 

Platinam 

- 

. 

• 

1-000 

Palladium 

- 

. 

- 

1070 

Bra88    - 

- 

- 

- 

2-590 

Silver   - 

- 

- 

- 

4-980 

Ck>pper 

- 

. 

• 

5-950 

We  plainly  see  that,  in  order  to  produce  the  same  incan- 
descence in  each  wire,  the  force  of  the  discharge  must  be 
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greater,  in  proportion  as  the  résistance  to  the  passage  of 
electricity  is  less  ;  a  resuit  similar  to  what  we  had  obtained 
for  heating,  and  which  had  for  a  long  time  been  proved,  as 
we  hâve  remarked,  by  a  great  number  of  philosophera,  both 
for  the  incandescence  produced  by  discharges,  and  for  that, 
which  is  brought  about  by  the  electric  carrent  Bat,  in- 
dependently  of  this  cause,  the  spécifie  beat  of  the  métal,  and 
îts  density,  must  exert  an  influence,  which  might  be  accurately 
estimated,  if  we  could  be  certain  that  incandescence  com- 
menced  for  the  différent  metals  at  the  same  température.  In 
this  case,  indeed,  we  ought  to  obtain  the  same  quotient  by 
dividing  the  product,  formed  of  the  force  of  the  discharge 
necessary  for  each  métal,  in  order  to  become  incandescent, 
multiplied  by  its  electric  résistance,  by  the  product  of  its  spé- 
cifie heat  and  its  density;  and  this  is  what  does  not  take 
place.  This  is  due  to  other  circumstances,  exercising  an  in- 
fluence over  the  incandescence,  such,  especially  as  the 
greater  or  less  facility,  with  which  the  metals  absorb  the 
oxygen  of  the  air.  We  cannot  therefore  attach  a  great 
theoretical  importance  to  the  results  included  in  the  above 
Table. 

It  remains,  therefore,  for  us  to  stndy  the  phenomena  of 
tearing,  of  fusion,  and  of  pulvérisation,  which  succeed  to  an 
incandescence,  brought  about  by  a  charge  too  powerful  for 
the  wire  to  be  able  to  remain  intact  or  to  suffer  merely 
simple  inflexions  ;  thèse  are  effects  parti  y  calorific  and  partiy 
mechanical,  which  it  is  important  to  analyse  well,  in  order 
to  form  a  correct  idea  of  this  order  of  phenomena. 

When  we  gradually  increase  the  quantity  of  electricity, 
necessary  for  the  production  of  the  simple  incandescence  of 
the  wire,  we  at  first  obtain  a  very  vivid  incandescence,  then 
the  wire  becomes  very  white,  and  finally  it  breaks  into  two 
or  into  several  fragments;  the  aspect  of  thèse  fragments 
shows  that  it  is  rather  a  tearing  than  a  fusion  that  is  brought 
about  The  différence  between  the  intensity  of  the  discharge, 
which  simply  produces  incandescence,  and  that  of  the  discharge 
that  produces  the  tearing,  varies  with  the  nature  of  the 
metals;   it  is  great  with  platinum  and  palladium,  smaller 
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with  copper,  silver,  and  iron,  and  very  feeble  with  brass.  It 
is  much  less  for  a  métal,  that  has  already  suffered  the  dis- 
charge, than  for  that,  which  suffers  it  for  the  first  time.  In 
order  to  examine  the  state  of  the  fragments,  we  must  place 
the  wire  in  a  glass  tube;  we  sometimes  perceive  the 
fragments  to  become  soldered  one  to  the  other;  but  they 
présent  no  trace  of  fusion  at  their  extremities,  which  are 
pointed,  as  if  the  wire  had  been  broken,  by  a  force  that 
would  hâve  drawn  it  in  the  direction  of  its  length.  In  order 
to  avoid  thèse  superficial  fusions,  we  must  employ  a  more 
powerful  discharge.  Thus  in  a  bell-glass  7^  in.  in  height, 
and  5f  in,  in  width,  a  battery  of  fi ve  jars  rendered  a  plati- 
num  wire  1*68  in.  in  length,  and  0*00279  in.  in  radius,  in- 
candescent with  a  quanti ty  of  electricity  equal  to  12  ;  and 
broke  it  into  several  fragments  with  a  quantity  equal  to  17  ; 
whilst  a  copper  wire,  under  the  same  conditions,  required 
23  of  electricity,  in  order  to  become  incandescent,  and  27  in 
order  to  be  torn.  The  metals,  that  enter  easily  into  fusion, 
such  as  wires  of  tin  and  of  cadmium,  are  torn  without  passing 
through  incandescence. 

If  we  exceed  the  force  of  discharge,  that  tears  the  wire, 
we  succeed  in  melting  it,  at  the  same  time  breaking  it  into  a 
large  number  of  fragments.  Thus,  a  platinum  wire  similar 
to  that,  which  had  been  torn  by  the  quantity  of  electricity 
equal  to  17,  wasbroken  and  partially  melted,  with  a  quantity 
equal  to  20.  Wires  of  silver  and  of  tin  expérience  the  same 
effect.  But,  in  order  to  obtain  a  complète  fusion,  more 
powerful  discharges  are  necessary.  The  wire  is  then  re- 
ducedînto  perfectly  round  small  balls  ;  this  is  easily  observed 
with  wires  of  platinum  and  silver;  for  a  copper  wire  1*41  in. 
in  length,  and  0-0022  in.  in  radius,  a  battery  of  six  jars 
raises  it  to  incandescence  with  a  quantity  of  electricity 
equal  to  25  ;  and,  with  a  quantity  equal  to  30  only,  it  divides 
it  into  an  infinité  number  of  small  and  scarcely  perceptible 
balls.  The  différence  between  the  quantities  of  electricity  is 
very  small;  this  is  probably  due  to  the  circumstance  that, 
with  easily  oxidisable  metals,  the  température  is  increased 
by  the  présence  of  the  oxygen  of  the  air  ;  it  thus  adds  a  che- 
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mîcal  heating  to  the  electric  heating.  This  effect  is  especi- 
ally  sensible  with  îron,  which  often  melts  under  the  influence 
of  discharges,  that  could  onlj  hâve  produced  a  moderate 
amount  of  heating.  Incandescence  in  this  case  does  not  cease 
immediately  after  the  discharge  has  taken  place,  as  commonly 
happens,  but  the  wire  attains  to  white  incandescence,  and 
melts  into  drops,  which  spurt  in  scintillating. 

Fusion  is  therefore  a  ver  y  complex  phenomenon  ;  so  that 
it  is  impossible  to  establish  for  each  kind  of  métal  the  force 
of  discharge,  necessary  for  melting  it;  the  more  so  because, 
as  Van  Marum  has  observed,  ail  the  electricity  of  the 
battery  is  not  employed  in  bringing  about  the  fusion,  and 
that  there  remains  a  residue  in  the  battery  itself,  which  is 
sometimes  very  considérable.  This  effect,  which  Riess  has 
studied  with  care,  is  due  to  the  electricity  producing  the 
disorganisation  of  the  wire,  in  an  instant  too  short  to  allow 
time  for  its  passage  entire.  It  is  very  curions  that  the  re- 
sidual  after  the  réduction  of  a  wire  into  fragments,  is  0-23 
of  the  whole  of  the  electricity,  that  was  in  the  battery; 
whilst  it  is  only  0-15,  namely  less  considérable,  after  die 
simple  explosive  discharge  through  air. 

We  hâve  seen  that  the  first  effect  of  the  discharge  upon  a 
wire  is  the  formation  of  a  small  cloud  of  vapours,  which 
proceed  from  the  particles  detached  from  the  surface.  With 
a  sufficiently  powerful  discharge,  we  are  able  to  reduce  even 
the  whole  mass  of  the  wire  into  a  similar  vapour.  A  platinum 
wire,  subjected  to  the  discharge  of  five  jars,  became  incan- 
descent with  q  =  13,  melted  into  small  globules  with  q  =  17, 
and  disappeared  with  a  brilliant  light,  leaving  the  tube, 
within  which  it  was  enclosed,  covered  with  a  grey  film,  that 
might  easily  be  removed.  In  the  open  air,  the  vapour 
collected  upon  a  plate  of  copper  presented  grey  and  blackish 
spots,  which  appeared  to  be  formed  of  métal  fragments,  of 
various  forms  and  sizes,and  which  presented  no  traces  of  fusion. 
The  pulvérisation,  therefore,  is  very  distinct  from  fusion  ;  and 
what  proves  this  is  that  tin,  which  requires  for  its  melting 
a  less  charge  than  cadmium,  requires  a  greater,  in  order  to 
its  becoming  pulverised.     In  gênerai,  in  the  open  air,  the 
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pulverised  métal  is  at  the  same  time  oxidised  :  we  may  collect 
very  visible  traces  of  this,  by  placing  upon  a  sheet  of  white 
paper,  the  wirô  that  is  to  be  pulverised,  and,  if  we  désire  to 
obtain  traces  of  the  métal  itself,  and  not  of  its  oxide,  we  hâve 
merely  to  pulvérise  it  in  a  bell-glass,  where  there  is  nitrogen 
or  very  rarefied  air.  We  must  take  care  in  thèse  experiments 
to  stretch  the  wires  well,  placing  them  between  two  sheets  of 
paper. 

To  snm  up,  if  we  follow  the  séries  of  effects,  that  are  pro- 
duced  by    discharges  of  increasing  intensity,   we  find   that 
the  wire  begins  by  heating,  that  it  suffers  a  shaking,  then 
inflexions,  that  it  becomes  incandescent,  that  it  is  torn  from 
the   pincers  in  which   it  was   fixed,  that  it  is  broken  into 
fragments,  melted,  and  finally  pulverised.     The  calorific  and 
mechanical    effect,  are   thus  found  mingled   together,  in  a 
manner  not  only  to  succeed  each  other  altemately,  but  also 
to  be  found  simultaneously  in  several  cases.    Thus  the  incan- 
descence of  a  wire  never  occurs,  without  there  being  at  the 
same  time  inflexions,  and  it  is  rare  that  a  fusion  is  obtained, 
without  there  being  at  the  same  time  a  rupture  of  the  wire 
into    fragments.     The    pulvérisation,    likewise,    is    always 
attended  by  a  great  élévation  of  température,  as  is  proved  by 
the  oxidisation  of  the  metallic  powders.     This  association  of 
the  two  specîes  of  effects  leads  to  the  presumption  that  they 
are  connected  by  a  mutual  dependence.     And,  indeed,  it  is 
easy  to  prove  that  incandescence  and  fusion  are  not  a  simple 
effect  of  the  libération  of  heat  by  the  discharge,  following  the 
laws  established  by  experiment  ;  for  this  heat,  the  intensity 
of  which  may  be  calculated  by  knowing  the  force  of  the 
discharge,  would  be  far  from  sufficient  to  produce  incan- 
descence and  fusion.     There  is,  therefore,  in  the  production 
of  thèse  two  phenomena,  a  direct  effect  of  electricity,   in- 
dependently  of  the  indirect  action  which  it  exercises  in  the 
production  of  heat.     Riess  estimâtes  that  this  double  mode 
of  action  is  due  to  the  transmission  of  the   charge   being 
brought  about,  in  a  manner  altogether   différent,   for  the 
production  of  the  heating  of  the  wire,  from  that  in  which  it 
takes  place   in   order  to  cause   mechanical   effects,  in   the 
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nuinber  of  which  must  be  placed  incandescence  and  fusion. 
We  shall  return  to  the  mechanism  itself  of  the  discharge, 
when  we  shall  hâve  studied  its  calorific  and  luminous 
effects,  in  its  passage  through  imperfect  conductors.* 

This  mechanism  appears,  in  certain  points,  to  differ  from 
that  of  the  voltaic  carrent,  which  woald  onlj  possess  the 
mode  of  transmission»  proper  for  the  development  of  heat; 
for,  with  this  current,  the  phenomena  of  incandescence  and 
fusion,  appear  to  be  nothing  more  than  a  simple  conséquence 
of  an  increase  of  heating  ;  and  no  such  mechanical  effects  as 
rupture  and  pulvérisation  are  ohseryed.  However,  we  may 
notice  in  wires,  that  hâve  suffered  incandescence,  an  altération 
at  their  surface  of  the  same  kind  as  that  which  we  hâve 
called  inflexion.  This  altération  is  even  more  profound  ;  for 
wires,  that  hâve  been  rendered  incandescent  by  the  passage 
of  a  powerful  voltaic  current,  become  more  brittle,  and  seem 
to  undergo  a  modification  in  their  molecular  structure.  I 
hâve  often  observed  this  with  platinum  wire,  a  proof  that  this 
is  not  an  effect  of  oxidisation. 

There  exist,  also,  in  the  calorific  and  luminous  effects, 
produced  by  piles  of  high  tension  through  imperfect  con- 
ductors, particular  phenomena,  which  equally  dénote  a  kind 
of  mechanical  action,  exercised  by  currents,  analogous,  up  to  a 
certain  point,  to  that  of  discharges.  Finally,  for  the  effects 
of  the  incandescence  of  wires  by  the  current,  we  should 
hâve  to  prosecute  a  study,  analogous  to  that,  which  was 
made  by  Riess  for  discharges;  and  perhaps  we  might 
find  more  varied  results  and  more  detailed  laws  than  those 
which  we  hâve  stated  wherein  we  treated  upon  this  subject 

Calorific  and  luminous  Effects  of  Discharges  through  imperfect 
Conductors. 

After  having  studied  the  luminous,  and  principally 
calorific  effects  of  dynamic  electricity,  when  it  is  transmitted 
through   good   conductors,   it   remains  for  us   to  turn  our 

*  Grove  has  also  observed  a  remarkablc  shortening  in  leaden  wires  after 
having  once  conducted  the  electric  carrent. 
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attention  to  the  same  eflects,  when  the  condactor  h  imperfect 
This  imperfect  condactor  may  be  solid,  liquid,  or  gaseous  ; 
but  it  is  more  particularly  in  the  two  latter  cases,  and  espe- 
cially  in  the  last,  that  the  phenomenon,  at  the  same  time 
calorific  and  laminons,  that  accompanies  either  the  electric 
discharge,  or  the  passage  of  a  carrent,  is  manifested.  We 
shall,  in  the  stady  of  the  phenomenon,  distinguish  the  case, 
in  which  it  is  produced  by  discharge, —  the  one  which  is 
now  about  to  engage  oor  attention, — and  the  case,  in  which 
it  is  produced  by  current,  to  which  we  shall  consecrate  the 
following  paragraph. 

In  gênerai,  the  laminous  appearance,  that  accompanies 
the  electric  discharge  through  an  imperfect  condactor,  we 
call  the  electric  spark.  This  appearance  is  presented  under 
very  varions  forms,  according  to  the  physical  state,  and 
the  nature,  either  of  the  médium,  in  which  it  is  manifested, 
or  of  the  good  conductors,  commonly  metallic,  between 
which  the  discharge  is  brought  about  In  the  coramon  air, 
and  with  conductors  in  the  forra  of  balls  and  made  of  brass, 
the  spark  has  the  form  of  a  line  of  a  white  colour,  with  a 
slight  reddish  tinge  at  its  two  extreraities.  If  the  discharge 
is  powerful,  the  spark  is  long,  and  formed  of  broken  and 
slightly  curved  Unes.  With  good  electrical  machines,  and 
without  the  assistance  of  Leyden  jars,  we  may  obtain  sparks 
of  a  foot  in  length,  very  white  and  very  brilliant,  in  which 
the  zig-zag  form  is  very  decided.  This  form  is  evidently 
due  to  a  condensation  of  the  air,  which  being  brought  about 
in  the  direction  of  the  discharge,  obliges  it  to  deviate  latéral  ly, 
but  in  no  way  modifies  its  point  of  dcparture  and  its  point  of 
arrivai. 

We  may  increase  the  luminous  effect  of  the  spark,  by 
means  of  spangled  tubes,  which  are  glass  tubes,  upon  which 
are  glued  in  a  spiral  form  little  lozenges  of  tinfoil,  the 
points  of  which  are  very  near  to  each  other.  At  their 
extremities,  are  fixed  balls  of  métal,  which  are  in  communi- 
cation with  the  lozenges  next  to  them  ;  one  of  the  balls  is 
held  in  the  hand  ;  and,  on  drawing  sparks  from  an  electrical 
machine  with  the  other,  sparks   are  seen   to   dart   at   the 
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same  time  between  ail  the  points  ;  but  the  light  ceases  to  bc 
so  vivid,  and  it  acquires  a  reddish  tint,  which  it  owes  in  part 
to  the  form,  and  in  part  to  the  nature,  of  the  little  lozenges. 

Before  investigating  the  properties  of  the  spark,  and  in 
particular  its  luminous  properties,  we  must  analyse  the 
circumstances,  that  exert  an  influence  over  its  form,  and 
in  gênerai  over  its  appearance.  Thèse  circumstances  are 
chiefly  the  intensity  of  the  discharge,  which  gives  rise  to 
it,  then  the  form  of  the  conductors  between  which  it  escapes, 
and  the  nature  of  the  médium,  that  it  traverses.  The  nature 
of  the  conductors,  between  which  it  moves,  may  modify  its 
colour,  but  not  its  form. 

In    atmospheric  air,   under    the  ordinary  pressure,  the 

electric  spark   often   acquires  the  form  of  a  brush*     This 

form  is  presented,  when  the  electricity  of  a 

machine  escapes  by  an  angular   part  of  its 

conductor  (Jig.    203),    or    escapes    firom    a 

conductor,  surrounded  by  a  pièce  of  cloth  or 

Fig.  203.         8ilk,  covered  with  metallic  powder.     At  its 

point  of  escape,  the  spark  présents  only  a  Une  ;  but  it  very 

quickly  ramifies  into  a  bundle  of  small  sparkling  filaments. 

With  a  good  electrical  machine,  it  is  sufficient  to  fix  upon 

its  conductor  a  long  métal  rod,  a  quarter  of  an  inch  or  so 

in    diameter,    terminated   by   a  little  bail   some   §   in,    in 

diameter,   in  order  to  see  a  beautiful  brush  dart  from  the 

bail  (Jig.  204.),  when   the  machine  is  put 

%'.- '■"-.^>;"      into  action.     If  a  smaller  bail  is  employed. 

^y  still  having  the  same  electrical  machine,  the 

Ô  brush  is  more  feeble,  and  the  sound,  that 

accompanies  it,  although  less  decided,  is 
more  continuous.  With  smaller  balls,  or 
with  conductors,  terminated  in  fine  points, 
the  brushes  diminish  still  more,  and  the 
sound  becomes  scarcely  perceptible.  When 
the  sound  ceases,  the  light  changes  in  appear- 
ance, and  becomes  continuous,  like  a  glow, 
*&'  instead   of  appearing   like  a   succession  of 

small  points  of  very  vivid  light. 
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The  brosh  seeins,  therefore,  according  to  Faraday,  who  h  as 
made  a  very  spécial  study  of  it,  to  be  the  resuit  of  a  succes- 
sion of  little  discharges  between  the  conductor,  and  the  suc- 
cessive particles  of  air,  polarised  by  induction.  This  would 
explain  the  production  of  the  sound.  Wheatstone,  indeed, 
showed,  by  means  of  his  turning  mirror  *,  that  the  brush,  al- 
though  it  seems  to  be  continuous,  consists  of  successive  and 
intermittent  discharges.  Faraday  justly  regarded  this  phe- 
nomenon  as  the  resuit  of  the  discharge,  that  occurs  through 
air,  between  the  extremity  of  the  electrised  conductor  and  a 
neighbouring  body,  in  the  absence  of  the  walls  of  the  apart- 
ment,  electrised  by  induction.  The  interposed  air  is  polarised, 
as  every  other  di-electric  body  would  be  ;  and  as  the  filaments 
of  air  converge  toward  the  point  of  the  conductor,  from 
which  the  brush  sets  out,  it  is  in  the  neighbourhood  of  this 
point  that  their  polarity  is  the  strongest  So  that,  when  this 
polarity  becomes  sufiiciently  powerful  for  discharge  to 
take  place,  the  filaments  of  air  are  luminous  only  in  their  part 
that  is  neafest  to  the  point,  from  which  the  brush  originates, 
where  they  are  most  concentrated.  Further  on,  there  is 
indeed  a  succession  of  discharges,  but  the  filaments  being 
more  divergent,  the  intensity  is  more  feeble  ;  there  are  only 
obscure  discharges  without  light.  The  inductive  influence  of 
neighbouring  bodies  is  so  necessary  for  the  production  of  the 
phenomenon,  that,  when  the  electrical  machine  is  feeble,  we 
hâve  merely,  in  order  to  give  rise  to  the  brush,  to  bring  the 
hand  or  a  conducting  body  near,  in  order  to  bring  it  about, 
and  to  give  it  a  form  and  a  direction,  which  vary  with  the 


*  We  hâve  seen  that  Wheatstone  succeeded,  by  meana  of  the  reflection  pro- 
duced  by  a  mirror,  that  turns  around  an  axis  with  very  great  rapidity,  in 
seizing  the  slightest  différences  of  time,  between  luminous  appearances,  that 
seem  to  be  simultaneous  {vide  p.  182.).  By  the  same  method,  he  assured 
hirnself  of  the  instantaneity  of  the  light  of  the  spark,  the  image  of  which  is 
not  changed  by  the  movement  of  the  mirror,  whilst  that  of  the  brush  is  elon- 
gated  in  the  direction  of  the  movement  ;  which  proves  that  the  discharges 
of  which  it  is  constituted,  endure  for  a  certain  time,  appréciable  by  the  move- 
ment of  the  mirror.  At  the  same  time,  the  successive  sparks,  that  constitute 
the  bundle,  which  is  iteelf  placed  on  the  prolongation  of  the  axis  of  the 
turning  mirror,  being  each  rcflected  by  a  différent  part  of  the  mirror,  présent 
themselves  as  if  arranged  at  regular  distances  in  a  circle,  a  proof  of  their  dis- 
continuity. 
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position  of  the  conductor  (fig*.  205,  206,  207.),  eo  as  to 
demonstrate  that  it  is  really  the  resuit  of  the  discharge,  that 
is  brought  about  between  the  two  conductors. 


s*y 


=Q 


Fig.  205. 


Fig.  206. 


Fig.  207. 


Fig.  208. 


In  the  preceding  experiments,  the  electricity  of  the  con- 
ductor, whence  the  brush  originated,  was  constantly  positive  ; 
if  the  conductor,  terminated  in  a  point,  is  charged  with 
négative  electricity,  then  we  see  appearing  upon  it,  a 
simple  luminous  point,  or  rather,  as  it  were,  a  little  lu- 
minous  star.  But  we  may  nevertheless  obtain  a  brush 
with  négative  electricity,  by  using,  instead  of  a  point, 
a  conducting  rod  terminated  by  a  rounded  form. 
Only  the  brush  is  much  shorter  {fig.  208.),  and  the 
succession  of  discharges,  of  which  it  is  composed,  is 
much  more  rapid  (seven  or  eight  times)  than  in  the 
case  of  positive  electricity,  as  is  indicated  by  the  sound  that 
accompanies  it. 

Another  very  remarkable  différence  may  be  observed,  when 
the  rounded  end  of  a  wire,  that  is  held  in  the  hand,  is  brought 
near  to  the  négative  brush  :  this  extremity  becomes  positive 
by  induction,  and  shows,  even  at  the  distance  of  7  or  8  in.,  a 
brilliant  glow,  without  any  change  having  y  et  occurred  to  the 
négative  brush  ;  but  at  a  less  distance,  the  sound  of  the  néga- 
tive brush  becomes  more  acute,  which  indicates  a  more  rapid 
succession  of  the  small  discharges,  of  which  it  is  composed; 
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at  a  still  less  distance,  a  positive  brush  shows  itself  at  the  ex- 

«  tremity  of  the  induced  conductor,  but, 

JL  <*^^f&^>    at  the  8ame  time,  the  négative  is  con- 

f    ^\  ^;  yï^        tracted;  and,  both  of  them  are  seen 

y  ^  J  W  simultaneously  with  a  very  différent 

appearance  (fig.  209.).  By  employing 
as  an  induced  conductor  a  rather  fine 
wire,  we  are  able  to  obtain,  at  a 
certain  distance,  two  brushes,  one 
ig'  positive,  the  other  négative,  perfectly 

similar  and  giving  sounds  in  unison. 

To  conclude,  the  négative  conductor  comports  itself  like  a 

positive  conductor,  the  electricity  of  which  has  less  tension, 

which  is  in  accordance  with  the  remark  that  we  hâve  already 

made  in  the  First  Chapter  of  this  Fourth  Part  *,  that  négative 

electricity  discharges  itself  in  air,  at  a  lower  tension  than 

that  which  is  necessary  for  positive.     Faraday  had  proved 

this  fact,  which  had  already  been  pointed  out  by  Belli  and 

several  other  philosophera,  by  causing,  as  we  hâve  said  f,  the 

discharges  to  occur  between  balls  of  différent  dimensions,  and 

by  studying  the  formation  of  the  brushes  on  the  inducing 

and  the  induced  balls,  both  positive  and  négative.     We  shall 

see  further  on,  that  this  phenomenon  is  due  to  a  more  gênerai 

différence,  which  exists  between  the  properties  of  positive 

electricity  and  those  of  négative,  when  they  both,  in  order  to 

neutralise  each  other,  corne  out  from  a  conductor,  in  which 

they  are  accumulated.     But  we  hâve  first  to  study  the  effect 

of  the  nature  of  the  surrounding  médium  upon  the  form  and 

the  appearance  of  the  spark. 

When  the  spark  is  produced  in  a  space,  wherein  the  air 
is  rarefied,  it  is  seen  to  subdivide,  to  become  feeble,  and  to 
acquire  a  reddish  tinge.  In  a  tube  two  or  three  yards 
long,  and  in  which  a  vacuum  has  been  made,  or  at  least 
in  which  the  air  has  been  rarefied  as  much  as  possible, 
the  spark  produces  a  magnificent  reddish  violet  glow,  which 
fills  it  entirely,  and  which  seems  to  circulate  interiorly  in 
the  form  of  a  hélix,  which  is  probably  due  to  the  conducting 
influence  of  the  film  of  moisture  adhering  to  the  glass.     The 

.  *  Vol.  H.  p.  166.  t  Vol.  IL  p.  166. 
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spark  is  transmitted  through  the  tube  by  means  of  two  métal 
férules,  placed  at  is  extremities,  and  terminated  exteriorly, 
one  by  a  bail,  that  communicates  with  the  machine,  whence 
the  spark  is  derived,  and  the  other  by  a  stop-cock,  which 
allows  of  vacuums  being  made  in  the  tube,  and  which  is 
made  to  communicate  with  the  grouncL  We  may  also  ob- 
serve the  luminous  effects  of  electricity,  by  means  of  the 
electric  egg,  which  is  a  glass  vessel  of  an  ovoid  form,  at  one 
of  the  extremities  of  which  is  adapted  a  tube,  with  a  stop- 
cock,  and  at  the  other  a  rod  with  a  knob,  passing  into  a  collar 
of  leathers  (jig.  210.).     The  air  is  rarefied  more  or  less,  by 


Fiy.  210. 


Fig.  211. 


screwing  the  tube  on  the  plate  of  an  air-pump;  in  proportion 
as  the  air  is  rarefied,  the  knob  of  the  movable  rod  may  be 
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withdrawn  further  from  that  of  the  fixed  rod,  adjusted  to 
the  stop-cock  ;  and  the  spark  as  it  becoïnes  longer,  loses  its 
vivacity,  acquires  a  reddish  violet  colour,  and  is  subdivided 
into  a  multitude  of  elliptic  jets.  This  is  a  true  brush,  of  the 
kind  given  in  fig.  205.,  very  long,  and  composed  of  ramifi- 
cations very  large  and  distant  from  each  other,  sometimes  as 
much  as  half  an  inch  or  more. 

However,  when  the  discharge  is  very  strong,  such  as  results 
firom  a  powerful  battery,  we  obtain  in  vacuo,  a  light  as  vivid 
and  as  brilliant  as  in  air.  If  the  light  is  général  1  y  feeble 
and  diffused  in  vacuo,  it  is  due  to  the  discharge  being  en- 
abled  to  take  place  under  a  far  less  ainount  of  tension  than  in 
air,  which  enables  the  electrical  machine,  with  which  one  of 
the  knobs  of  the  electric  egg  is  put  in  communication,  to  give 
off  its  electricity  in  proportion  as  it  is  developed  :  it  is  no 
longer  the  same,  if  we  accumulate  the  electricity  by  means 
of  a  battery,  so  as  to  transmit  the  whole  of  it  at  once. 

Finally,  we  may  obtain  the  spark  in  the  barometric  vacuum, 
by  means  of  a  tube  bent  into  the  form  of  a  siphon,  and  forming 
a  double  barometer  {Jig.  211.)  :  the  electric  spark  is  made  to 
pass  from  one  cup  to  the  other,  by  obliging  it  thus  to  traverse 
the  two  columns  of  mercury,  and  the  empty  space  by  which 
they  are  separated.  The  spark  fills  this  space  with  a  diffused 
violet  light;  it  requires  a  very  feeble  electric  tension,  in 
order  that  the  phenomenon  may  take  place. 

Davy  made  a  spécial  study  of  the  electric  light  in  vacuo, 
or  rather  in  spaces  filled  with  vapours  of  différent  kinds.  He 
operated  by  means  of  a  bent  tube, 
having  one  branch  closed  and  longer 
than  the  other  (Jig.  212.).  A  plati- 
num  wire  was  cemented  in  the  extre- 
mity  of  the  closed  branch,  so  that  one 
part  was  outside  and  the  other  within. 
The  closed  branch  was  filled  with 
mercury,  very  much  purified  and 
freed  of  air  and  of  aqueous  vapours  ; 
vacuum  was  then  made  in  the  open 
branch,  which  was  furnished  with  a 
Fig.  212.  stop-cock  at  its  extremity.    An  empty 
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space,  of  greater  or  less  extent,  is  thus  formed  at  the  top  of 
the  closed  branch.     The  spark  of  a  machine,  or,  still  better, 
that  of  a  Leyden  jar,  traversed  this  space,  and  produced  in  it 
a  luminous  effect;  but  this  effect  was  much  increased,  by 
gradually  heating  the  mercury  to  a  state  of  ebullition  ;  the  light 
was  then  of  a  green  colour,  the  brilliancy  of  which  was  most 
striking.     In  proportion  as  the  température  was  lowered,  the 
colour  lost  its  vivacity  ;  and  at  29°  F.  the  light  was  so  feeble 
that  it  could  only  be  perceived  in  the  most  profound  darkness. 
A  small  quantity  of  air,  introduced  into  the  mercurial  vacaum 
cansed  the   colours    to  change  from  green   to    sea-green, 
then  to  blue  and  to  purple.     By  substituting  the  fusible 
alloy  of  bismuth  and  tin,  in  place  of  the  mercury,  a  yellow 
and  very  pale  light  was  obtained  ;  with  pure  olive  oil  and 
liquid  chloride  of  antimony,  the  boiling  température  of  which 
was  not  far  from  that  of  mercury,  Davy  obtained  a  light 
rather  more  brilliant  than  that  which  arose  from  the  electri- 
city,  liberated  in  the  mercurial  vacuum;   it  was  of   a  red 
colour  tending  to  purple  with   oil,   and  of  a  pure   white 
with  chloride  of  antimony.     We  may  add  that,  when  the 
température  is  very  low,  it  requires  a  very  strong  discharge, 
in  order  that  it  may  be  transmitted  through  the  barometric 
vacuum.     Thèse  expérimenta  of  Davy's  show  the  important 
part  played  in  the  production  of  the  electric  light,  by  the  bodies 
between  which  the  discharges  pass,  and  the  particles,  that  are 
very  probably  detached  from  them,  by  this  discharge  itself. 

The  spark  changes  also  in  appearance  if,  instead  of  trans- 
mitting  it  through  the  air  or  through  an  empty  space,  it  is  made 
to  pass  into  différent  gaseous  média.  In  nitrogen,  the  sparks 
are  more  brilliant  than  in  air,  and  are  especially  accompanied 
by  a  very  remarkable  sound  ;  in  oxygen,  they  are  whiter  than 
in  nitrogen  or  in  air,  but  not  so  brilliant;  in  hydrogen, 
their  colour  is  crimson  ;  in  dry  hydrochloric  gas,  the  spark  is 
always  white  ;  and  thèse  différences  are  doubtless  due  to  the 
greater  or  less  facility,  with  which  the  différent  gases  allow  of 
the  passage  of  the  discharge,  as  we  hâve  seen  in  the  preceding 
chapter.*  Faraday,  to  whom  we  are  indebted  for  thèse 
*  VoL  IL  p.  161. 
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various  observations»  has  also  remarked  that  the  electric 
spark  may  be  equally  obtained  in  varions  liquids,  snch  as 
essence  of  turpentine,  olive  oil,  resin,  melted  glass,  and  in 
water  itself,  &c. 

The  brush  also,  like  the  spark,  varies  in  appearance,  with 
the  différent  média,  in  which  it  is  produced.     We  hâve  seen, 
by  the  experiment  of  the  electric  egg,  that,  in  rarefied  air,  it 
is   extremely  brilliant,  and  is  composed  of  very  elongated 
branches.    It  is  the  same  in  ail  the  gases  ;  as  soon  as  they  are 
rarefied,  the  spark  is  gradually  converted  into  a  brush,  which 
becomes  more  and  more  considérable  and  ramified  in  a  distinct 
manner,  until,  at  a  certain  degree  of  raréfaction,  the  brushes, 
that  arise  from  the  positive  and  négative  conductors,  unité,  so 
as  to  form  together  a  continuons  lumînous  jet     The  pheno- 
menon  varies  with  the  size  of  the  vessel,  the  degree  of  raré- 
faction, and  the  force  of  the  spark,  that  is  given  by  the 
machine.     If  we  now  examine  the  appearance  of  the  brushes 
in  the  différent  gases,  we  find  that  in  oxygen  they  are  very 
compressée!,  and  in  gênerai  much  more  feeble  than  in  air. 
The  reverse  is  the  case  in  nitrogen  ;  this  gas  is  the  one  in 
which  they  are  most  luminous,  and  in  rarified  nitrogen,  in 
particular,  they  are  magnificent    In  hydrogen,  they  are  much 
less  brilliant  than  in  nitrogen,  but  more  than  in  oxygen;  their 
colour  is  of  a  greenish  grey.     In  oxide  of  carbon  and  in  car- 
bonic  acid  gas,  they  are  difficult  of  production  ;  they  are  short 
and  their  light  is  feeble.     In  hydrochloric  acid  gas,  the  brush 
is  still  more  difficult  to  be  obtained  under  ordinary  pressures. 
By  gradually   increasing   the    distance    between    the    two 
rounded  extremities  of  the  conductors,  between  which  the 
discharge  occurs  in  this  gas,  the  sparks  cease,  and  at  a  dis- 
tance of  f  in.  between  thèse  extremities,  the  discharge  occurs 
without  spark  and  noise  ;  it  is  probable  that  in  this  case  an 
electroly  tic  discharge  is  brought  about,  namely  an  electro-che- 
mical  décomposition  of  the  gas  ;  which  we  shall  see  in  the 
following  Chapter. 

The  brush  is  not  only  observed  in  air  and  in  the  gases, 
but  also  in  more  dense  média.  Faraday  succeeded  in  pro- 
ducing  it  in  essence  of  turpentine,  by  plunging  into  it  the 
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end  of  a  wire,  placed  in  a  glass  tube,  the  liquid  itself  being 
in  a  métal  vesseL  The  brush  was  very  small,  and  was 
obtained  with  difficulty  ;  its  ramifications  were  not  numerous, 
and  diverged  much  from  each  other  ;  and  a  very  dark  chamber 
was  necessary  for  observing  it,  so  feeble  were  its  ramifications. 
A  very  remarkable  thing  is  that,  whilst  the  médium,  in  which 
it  is  propagated,  may  singularly  modify  the  brush,  the  nature 
of  the  body,  from  which  it  originates,  does  not  seem  to  exercise 
over  it  any  other  influence  than  that  which  arises  from  the 
greater  or  less  degree,  with  which  this  body,  according  to  its 
conductibility,  facilitâtes  the  discharge  of  the  machine.  It 
is  the  same  with  the  négative  brush  ;  but  the  latter,  like  the 
positive,  suffers  very  decided  effects  on  the  part  of  the 
médium,  in  which  it  is  produced.  Thus  the  raréfaction  of 
the  air  facilitâtes  its  development  still  more  than  it  facilitâtes 
that  of  the  positive.  The  superiority  of  the  positive  brush 
over  the  négative,  which  is  already  very  considérable  in  air, 
is  still  greater  in  nitrogen.  In  hydrogen,  on  the  contrary, 
the  positive  brush  loses  a  portion  of  its  superiority,  whilst  the 
négative  is  but  little  or  not  at  ail  affccted.  Finally,  in  oxygen, 
carbonic  acid,  and  hydrochloric  acid,  ail  différence  disappears 
between  the  two  brushes,  so  that  it  is  a  very  difiîcult  matter 
to  distinguish  them  from  each  other. 

There  exists,  also,  besides  the  spark  and  the  brush,  a 
peculiar  form,  under  which  the  light  produced  by  the  dis- 
charge is  manifested,  and  which  we  will  designate  under  the 
name  of  glow.  It  is  manifested  when  we  diminish  the  surface 
of  the  bail  and  of  the  rod,  that  are  in  communication  with  the 
machine  ;  the  brushes  then  disappear,  and  their  place  is 
supplied  by  a  continuous  phosphorescent  glow,  which  covers 
the  entire  end  of  the  wire.  This  luminous  form  appears  to 
arise  from  the  rapidity  with  which  the  discharge  is  renewed  ; 
for,  by  increasing  the  force  of  the  machine  and  the  raréfaction 
of  the  air,  we  favour  its  production. 

The  glow  is  obtained  with  much  more  difficulty  with 
négative,  than  with  positive  electricity  ;  in  order  to  produce 
it,  it  is  necessary  to  rarefy  the  air,  and,  by  adjusting  the  two 
balls  to  a  suitable  distance,  we  are  able  to  obtain  upon  the 
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négative  bail  a  glow,  which  covers  it  entirely,  and  equally 
well  when  it  is  inducing  as  when  induced.  We  perceive  the 
two  balls,  and  a  tolerably  long  portion  of  the  two  rods  by 
which  they  are  carried,  covered  with  this  electric  light. 

The  glow  présents  itself  equally  in  ail  the  gases.  Faraday 
thought  he  had  obtained  it  in  essence  of  turpentine,  but  very 
feeble  and  scarcely  visible  ;  it  is  accompanied  in  the  air  by  a 
puff  of  air  coming  in  gênerai  from  the  luminous  part,  but 
sometimes  also  directed  towards  it  Thus  it  is  probably  due 
to  a  very  rapid  charge  or  discharge  of  the  air,  by  which  the 
conductor  is  surrounded,  and  which  remains  adhéring  to  it, 
even  in  the  most  perfect  vacuum.  This  air,  by  virtue  of  the 
electricity  that  it  acquires  and  loses,  assumes  a  regular 
movement,  and  gives  rise  to  a  continuous  glow,  without  there 
being  any  appearance  of  agitation.  In  proof  of  this  explana- 
tion,  Faraday  quotes  an  experiment,  in  which  he  succeeded 
in  converting  a  brush  into  a  simple  glow,  by  facilitating  the 
formation  of  a  current  of  air  at  the  extremity  of  the  con- 
ductor, when  the  brush  was  producecL  In  like  manner,  by 
interfering  with  the  current  of  air,  a  simple  glow  may  be 
changed  into  a  brush.  It  is  easy  to  follow  the  transition  from 
the  glow  to  the  brush,  and  from  the  brush  to  the  spark.  Every 
thing  that  tends  to  facilitate  the  charge  of  the  air  by  the 
electrised  conductor,  and  to  préserve  to  this  conductor  its 
same  tension,  notwithstanding  the  discharge,  contributes  to 
produce  the  glow  ;  whilst  circumstances  that  prevent  the  air 
or  other  gases  from  becoming  chargea  with  electricity,  and 
which  favour  the  accumulation  of  electricity  upon  the  con- 
ductor, détermine  intermittent  discharges,  under  the  form  of 
brushes  and  sparks.  Thus  the  condensation  of  the  air,  the 
neighbourhood  of  the  hand  or  of  any  conducting  surface, 
acting  by  induction,  the  graduai  approximation  of  a  bail, 
intended  to  receive  the  discharge,  provoke  the  cessation  of 
the  glow,  and  its  change  into  a  brush  or  a  spark.  In  con- 
clusion, the  continuity  of  the  discharge  produces  the  glow, 
the  discontinuity  produces  the  brush,  ariH  the  spark  when  it 
becomes  more  decided. 

It  frequently  happens  that,  in   its    passage  through  a 
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transparent  médium*  the  electric  discharge  is  not  laminons 
thronghoat  :  this  is  what  Faraday  called  the  dark  discharge, 
Thus,  if  we  separate  from  each  other  two  métal  rods, 
between  the  extremities  of  which  the  discharge  is  passing 
in  rarefied  air,  a  continuons  glow  is  perceived  npon  the 
end  of  the  négative  rod,  whilst  the  positive  extremity  remains 
altogether  dark.  In  proportion  as  the  distance  increases, 
a  train  of  purple  or  of  white  light  appears  at  the  extremity 
of  the  positive  rod,  and  advances  directly  on  the  négative 
rod;  it  elongates  itself,  but  yet  without  ever  joining  the 
négative  glow,  so  that  there  is  always  between  them  a  small 
obscure  space  (Jig.  213.).     This  space,  which  is  about  -py  in- 


Fig.  213. 

or  less  in  width,  remains  invariable  in  its  extent,  and 
in  its  position,  with  regard  to  the  négative  point;  the 
négative  glow  no  longer  changes  whilst  the  purple  light 
of  the  positive  point  is  seen  to  lengthen  or  to  shorten, 
in  proportion  as  the  distance  of  the  two  points  is  made  to 
vary.  An  effect  of  the  same  kind  is  presented  in  ail  the 
gases  ;  only  according  to  the  nature  of  the  gases,  the  ends 
of  the  two  rods  must  be  withdrawn  to  a  greater  or  less 
distance  from  each,  in  order  to  obtain  the  dark  discharge. 
In  gênerai,  the  position  of  the  dark  space  is  constant;  and 
we  may  satisfy  ourselves,  by  carefully  examining  the  phe- 
nomenon,  that  this  space  exists  between  the  positive  and  the 
négative  glow,  even  when  it  is  a  difficult  matter  to  observe 
it,  on  account  of  the  concave  form  of  the  former  glow,  and 
the  convex  form  of  the  latter.  This  experiment  shows  that 
the  discharge  may  be  transmitted  through  a  gas,  without 
necessarily  rendering  it  luminous. 

Faraday,  who  has  much  studied  this  question,  considère 
that  the  dark  disch&rge  occurs  at  a  very  feeble  tension  ;  and 
that,  after  it  has  commenced,  the  light  is  the  conséquence 
of  the  greater  quantity  of  electricity  that  is  forced  along 
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the  same  route,  finding  in  this  direction  a  more  easy 
passage. 

We  may  obtain  the  discharge  under  the  form  of  the  glow, 
and  the  dark  discharge,  in  a  very  decided  manner,  by  the 
sparks,  that  are  produced  by  induction  apparatus,  especially 
by  RumkorfTs.*  We  hâve  merely  to  connect  the  two 
ends  of  the  induced  wire  respectively  with  the  balls  of  the 
apparatus,  called  the  electric  egg  {fig.  210.)  in  order  to  obtain, 
on  rarefying  the  air,  glows  in  ail  their  beauty  around  the 
two  balls,  with  certain  différences,  however,  at  the  négative 
and  at  the  positive  bail.  M*  Rumkorff,  who  has  repeated  with 
variations  the  expérimente  of  MM.  Masson  and  Breguet, 
has  remarked  that  the  light  which  surrounds  the  négative 
bail  and  rod,  is  violet  ;  and  that  which  is  around  the  positive 
bail  is  a  fiery  red,  and  that  it  extends  toward  the  négative 
bail.  There  dart  also  from  the  two  balls  certain  sparks  more 
white  and  distinct  from  the  glows  which  probably  arise, 
as  we  shall  see,  from  the  metallic  particles,  detached  from 
the  balls.  Mr.  Gassiot  has  observed  that,  when  the  vacuum 
is  well  made,  half  of  the  négative  bail  is  surroanded  by  a 
brilliant  blue  flame  ;  whilst  there  escapes  from  the  positive 
bail  a  line  of  brilliant  red  light;  but  there  is  between 
the  red  line  and  the  blue  flame  a  space  completely  dark. 

M.  Quet,  on  his  part,  has  discovered  that  the  double 
light,  which  émanâtes  from  the  two  balls,  is  composed  of 
a  succession  of  brilliant  strata,  entirely  separated  from  each 
other  by  dark  strata;  and  that  it  is  as  it  were  stratifiecL 
In  order  fairly  to  observe  this  phenomenon  of  stratification, 
we  merely  require  the  présence,  in  the  vacuum  made  in 
the  electric  egg,  of  a  very  small  quantity  of  alcoholf,  essence 
of  turpentine,  sulphuret  of  carbon,  or  oil  of  naphtha.  By 
cansing  the  induction  current  of  RumkorfTs  machine  to 
pass  between  the  balls,  we  observe  a  multitude  of  brilliant 
strata,  separated   by  dark   strata,   forming   as  it  were   a 

♦  Vol  I.  p.  889.  Jtg,  150. 

f  M.  Rumkorff  was  the  first  to  obtain  this  phenomenon  of  stratification,  by 
placing  for  a  few  moments  over  an  open  jar  filled  with  alcohol,  the  opening  of 
the  electric  egg,  before  making  the  vacuom  in  it. 
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pile  of  electric  ligbt  between  the  two  pôles.  The  stratification 
is  more  decided  in  the  red  light  of  the  positive  pôle,  than  in 
the  violet  of  the  négative  ;  but  the  number  of  alternatelj 
dark  and  brilliant  strata  is  less  considérable.  It  is  moreover 
easy  to  prove  that  the  light  of  the  positive  pôle  is  separated 
from  that  of  the  négative  by  a  dark  stratum,  which  may 
be  rendered  more  or  less  thick,  according  to  the  perfection 
of  the  vacuum,  and  the  nature  of  the  vapour  that  it 
contains. 

The  light  in  thèse  experiments  does  not  possess  a  con- 
tinuons duration  ;  it  consista,  indeed,  in  a  séries  of  discharges 
that  succeed  each  other  with  rapidity.  This  gives  rise  to  an 
oscillating  movement  of  the  luminous  strata,  which  renders 
the  observations  a  little  difficult.  In  order  to  avoid  this  in- 
convenience,  M.  Quet  manipulated  with  his  hand  the  little 
magnetic  hammer  of  Rumkorff  s  apparatus,  and  at  each 
movement  an  émission  of  vivid  light  is  obtained,  but 
which  endures  only  for  an  instant  ;  the  entire  succession  of 
strata,  alternately  brilliant  and  dark,  are  thus  marked  out  in 
a  very  distinct  form;  by  renewing  this  manipulation  at 
pleasure,  the  détails  of  the  phenomenon  may  be  easily 
studied. 

The  colour  of  the  light  varies  with  the  nature  of  the 
vapours  that  are  contained  in  the  vacuum;  with  that  of 
essence  of  turpentine  we  obtain,  at  the  positive  pôle,  a 
beautiful  white  and  phosphorescent  light,  the  stratification 
of  which  occurs  by  flat  strata,  but  of  unequal  thicknesses  ; 
with  the  vapour  of  fluoride  of  silicium,  a  yellow  light  is  ob- 
tained at  the  négative  pôle.  If  the  two  balls  are  brought  very 
near  to  each  other,  one  or  other  of  the  two  lights  is  at  last 
made  to  disappear;  this  dépends  upon  the  nature  of  the 
vacuum;  in  the  vacuum  where  there  remains  only  veiy 
rarefied  air,  it  is  the  red  light  of  the  positive  pôle  that  dis- 
appears  completely  ;  the  violet  of  the  négative  remains  alone. 

This  last  phenomenon  is  precisely  the  same  as  that  de- 
scribed  by  Faraday  under  the  name  of  the  dark  discharge. 
We  hâve  indeed  just  seen  that,  when  the  spark  is  produced 
in  rarefied  air,  and  between  two  conductors  very  near  together, 
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the  négative  conductor  alone  is  surrounded  by  a  blue  glow 
and  the  positive  conductor  remains  dark,  whilst  in  the  atmo- 
sphère, the  two  conductors  appear  equally  luminous.  Elec- 
tricity  is  therefore  discharged  from  the  positive  conductor, 
without  producing  light,  as  well  with  induction  currents  as 
wïth  the  electricity  of  an  ordinary  machine. 

Previously,  however,  to  M.  Quet,  M.  Neef,  on  observing 
with    a    microscope   the   passage   of  an   induction    current 
between  a  platinum  point  and  an  oscillating  plate  of  the 
same  métal,  by  means  of  an  apparatus  similar  to  the  one  we 
hâve  already  described*,  had  recognised  that  the  négative 
électrode  alone  was  luminous.     He  thought  he  might  con- 
clude  from  this  observation  that  the  electric  spark  engenders, 
at  the  négative  électrode,  light   without   heat,  and  at  the 
positive,  heat  without  light.     We  shall  return  hereafter  to 
the  labours  of  M.  Neef:  we  will  confine  ourselves  for  the 
présent  to  remarking  that  it  is  still  the  same  phenomenon  of 
the  dark  discharge,  with  this  very  important  différence  alone, 
that  it  occurs  in  air  instead  of  in  vacuo.     M.  Riess  has  suc- 
ceeded  in  demonstrating  that  the  différence  is  more  apparent 
than  real  ;  because,  when  the  sparks  succeed  each  other  very 
rapidly,  in  a  very  contracted  space,  the  air  is  promptly  rarefied 
between  the  électrodes.     Indeed,  by  varying  at  pleasure  the 
distance  by  which  the  point  and  plate  of  platinum  are  sepa- 
rated,  Riess  remarked  that,  when  the  distance  is  rather  great, 
the  spark  présents  no  particular  appearance  ;  there  is  a  con- 
tinuons luminous  arc  at  each  spark  between  the  plate  and 
the    point;  by  diminishing  the  distance,  we  obtain  sparks 
more  and  more  numerous  and  nearer  together  ;  finally,  at  a 
shorter  distance  still,  the  spark  loses  ail  its  brilliancy,  and  at 
the  same  time  a  bright  blue  light  is  shown  at  the  surface  of 
the  négative  électrode  alone.     We  perceive  within  this  blue 
light,  on  observing  it  by  means  of  the  microscope,  a  certain 
number  of  very  brilliant  white  points  ;  which  appear  to  be 
particles  of  incandescent  platinum,  detached  by  the  discharge; 
and  this  is  confirmed  by  the  state  of  roughness,  presented  by 

*  Vol.  I.  p.  387../Î0.  149. 
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the  surface  of  the  platinum  plate,  after  having  been  used  for 
some  time  in  thèse  experiments.  We  may  add  that  Mr. 
Gassiot  observed,  when  employing  as  électrodes  two  platinum 
wires  —^  in.  apart,  that  the  négative  wire  becomes  fiery  red, 
whilst  the  positive  remains  cold  ;  in  this  case,  the  discharge 
is  very  rapid  and  continuous.  This  effect  would  be  the 
reverse  of  that  pointedout  by  M.  Neef,  and  contrary  to  what 
occurs  with  ordinary  currents.  Thèse  oppositions  may 
be  due  to  the  difficulty  there  is  in  distinguishing  fairly,  in 
induction  currents,  the  positive  from  the  négative  pôle,  Nor 
must  we  lose  sight  of  the  fact  that  electro-chemical  effects 
occur,  arising  from  the  décomposition  of  the  gases,  or  rarefied 
vapours,  that  are  traversed  by  the  discharges,  which  may 
contribute  to  the  appearances  presented  by  the  light  We  shall 
explain  thèse  in  the  following  Chapter. 

After  having  studied  the  electric  spark,  the  manner  in 
which  it  arises,  and  the  différent  forms  that  it  assumes,  it 
would  remain  for  us  to  examine  its  various  properties  ;  but 
we  shall  return  to  this  examination  in  the  eighth  paragraph,  in 
order  to  make  it  comparatively  with  that  of  the  voltaic  arc  ; 
and  thus  to  be  able,  when  appreciating  the  différences  that 
characterise  thèse  two  forms  of  the  same  phenomenon,  to 
trace  them  to  their  common  cause.  We  shall  confine  ourselves 
hère  to  saying  a  few  words  on  the  calorific  effects  of  the 
spark,  of  which  we  hâve  already  had  examples,  in  the  inflam- 
mation of  combustible  bodies,  and  especially  in  the  experiment 
of  Volta's  pistol.  Chemistry  dérives  great  advantage  from 
this  property  of  the  electric  spark,  in  order  to  bring  about  the 
combination  of  gaseous  mixtures.  They  are  introduced  into  a 
glass  tube,  with  very  strong  sides,  and  graduated  :  this  tube, 
closed  at  one  end,  resta  by  its  open  end  in  a  water-bath,  fiUed 
with  water,  or,  still  better,  with  mercury.  Two  métal  points, 
generally  platinum,  penetrate  interiorly  into  the  upper  part  of 
the  tube,  into  the  sides  of  which  they  are  hermetically  sealed,  so 
as  to  allow  between  them  an  interval  of  at  the  most  not  more 
than  fa  in.  ;  in  order  to  cause  the  spark  to  dart  through  the 
gaseous  mixture,  the  métal  points  are  put  in  communication, 
by  their  outer  extremity,  with  the  coatings  of  a  Leyden  jar  ; 
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the  fire  is  tiras  conveyed  into  the  interior  of  the  tube,  without 
there  being  any  need  to  heat  it  exteriorly.  The  saine  effect 
may  be  produced  by  the  incandescence  of  a  fine  platinum 
wire,  by  means  of  a  current  :  a  proof  that  the  combination  is 
altogether  due  to  the  heat  liberated,  as  well  in  the  spark  as 
in  the  wire  ;  and  that  it  is  not  an  immédiate  effect  of  elec- 
tricity.  Moreover,  we  shall  study,  more  in  détail,  the  che- 
mical  effects  of  the  spark  in  the  following  Chapter. 

We  hâve  further  proofs  of  the  heat  of  the  spark,  from  the 
traces  it  leaves  upon  the  conductors,  between  which  it 
escapes.  Priestley,  who  discovered  them,  had  remarked  that 
they  are  circular,  and  that  they  are  formed  upon  métal  plates, 
that  receive  the  spark  that  cornes  from  a  pointed  conductor, 
situated  at  a  distance  of  *fo  in*  Nobili,  who  studied  them 
with  care  upon  différent  metals,  showed  that  they  are  due  to 
internai  heat,  and  even  to  a  commencement  of  fusion,  that  is 
experienced  by  the  metals.  The  circular  form  which  they 
assume,  is  connected  with  the  similar  form  of  the  brush,  and 
is  due  to  the  dissémination  of  the  electric  filaments. 

Notwithstanding  thèse  évident  proofs  of  the  high  température 
of  the  spark,  M.  E.  Becquerel  was  unable  to  discover  in  it  any 
traces  of  radiant  heat,  which  is  chiefly  due  to  its  instantaneity. 
On  this  account  also  it  is  that  it  is  unable,  under  ordinary 
conditions,  to  infiame  certain  very  combustible  bodies,  which, 
like  gunpowder,  require,  for  ignition,  the  application  of  heat 
for  a  time,  that  must  not  be  too  short  But  we  may  succeed 
in  producing  this  inflammation,  by  compelling  the  discharge 
to  pass  through  an  imperfect  conductor,  which  diminishes  its 
rapidity,  and  so  increases  the  duration  of  the  spark;  for 
example,  through  a  string  moistened  with  water.  With  a 
glass  tube  6£  in.  in  length,  and  3  in.  in  diameter,  closed  at 
its  two  ends  by  corks,  through  which  wires  are  passed,  in 
order  to  conduct  the  discharge  into  the  liquid,  with  which  the 
interior  of  the  tube  is  filled,  we  notice  that,  if  this  liquid 
is  pure  water  or  ether,  we  must  charge  a  jar  of  lf  sq.  ft.  in 
surface,  to  60°  of  the  electrometer,  to  order  to  infiame  the 
powder  by  the  discharge  of  the  jar  ;  and  to  30°  only,  if  the 
liquid  is  alcohol  ;  and  that  with  acids,  the  inflammation  no 
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longer  occurs,  even  when  it  is  charged  as  high  as  80°.  The 
différences  are  due  to  the  fact,  that  the  spark,  in  order  to 
produce  its  effect,  must  possess  at  the  same  tîme  a  certain 
intensity  and  a  certain  duration,  éléments  the  converse  of 
each  other;  and  the  relative  value  of  which  dépends  on  the 
greater  or  less  conductibility  of  the  liquids. 

Independently  of  light  and  heat,  the  electric  spark  deve- 
lopes  in  certain  bodies,  while  traversing  them,  phosphores- 
cence, namely,  the  property  of  appearing  luminous  in  the 
dark,  even  when  they  were  not  so  previously.  Of  ail 
bodies,  calcined  oyster  shells  are  they  which  most  easily  be- 
come  phosphorescent,  when  they  hâve  been  placed  in  the 
route  of  the  electric  discharge,  However,  many  other  sub- 
stances, such  as  fluor  spar,  diamond,  white  marble,  enjoy  the 
same  property  of  becoming  phosphorescent,  after  the  action 
of  several  discharges.  However,  the  light  alone  of  the  sparks 
is  able  to  produce  the  same  effect,  without  its  being  neces- 
sary  for  the  discharge  to  traverse  the  bodies  ;  a  property  that 
we  shall  study  in  the  eighth  paragraph,  when  we  shall  be 
occupied  with  the  electric  light  ;  of  which  we  shall  see  that 
phosphorescence,  after  ail,  is  only  a  particular  case» 

Calorific  and  luminous  EffecU  of  Electric  Currents  through 
imperfect  Conductors* — VoUaic  Arc. 

Voltaic  electricity,  like  that  of  the  machines,  is  able  ta 
give  rise  to  electric  sparks  ;  but  in  gênerai  thèse  sparks  are 
manifested  when  we  put  into  contact,  or,  which  is  better, 
when  we  separate  the  wires  or  the  métal  plates,  that  are  in 
communication  with  the  two  pôles  of  the  pile  :  it  is  more  a 
phenomenon  of  voltaic  ignition,  than  a  véritable  electric 
spark  ;  it  appears  to  arise  from  the  heating  that  is  suffered  by 
the  two  points  in  contact  of  the  wires,  on  account  of  the 
greater  résistance  which  the  current  encounters,  in  this  part 
of  the  circuit  Indeed,  when  we  unité  end  to  end,  attaching 
them  by  simple  hooks  to  each  other,  several  wires,  it  is 
always  at  their  points  of  contact  that  incandescence  is  first 
manifested,  in  order  to  its  propagation  thence  into  the  re- 
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maining  part  of  the  wires.  We  hâve  already  spoken,  in  the 
second  paragraphe  of  the  phenomena  of  ignition  or  of  défla- 
gration, that  are  presented  by  the  various  metals  :  we  will 
simply  add,  that  the  production  of  voltaic  sparks  is  accom- 
panied  by  a  crackling,  very  similar  to  that  of  electric  sparks, 
and  that  it  occurs  in  rarefied  as  well  as  in  common  air,  only  with 
certain  différences  of  appearance  among  oxidisable  metals, 
that  are  due  to  combustion  being  in  them  less  vivid. 

Davy  was  the  first  who  succeeded  in  obtaining  voltaic 
sparks  in  liquids,  by  completing  the  circuit,  by  means  of  two 
small  pièces  of  carbon.  Bright  sparks  were  seen  to  spurt,  and 
there  was  at  the  same  time  an  abundant  production  of  gas. 
The  extremities  of  the  carbon  appeared  of  a  red  white,  even 
some  time  after  contact.  The  liquid  was  indifferently  water, 
fixed  or  volatile  oils,  ether,  alcohol,  nitric  acid,  sulphuric 
acid;  the  gases  that  were  produced  in  this  action  varied  with 
the  nature  of  the  liquids.  It  was  a  décomposition,  arising 
more  from  the  indirect  action  of  the  heat  liberated  at  the 
point  of  contact  of  the  two  charcoal  points,  than  from  the  de- 
composing  action  of  the  current,  which  scarcely  traversed  the 
liquid,  seeing  that  the  two  pièces  of  carbon  were  in  contact 
In  thé  following  Chapter  we  shal]  return  to  the  chemical 
effects  of  the  voltaic  spark,  which  must  not  be  confounded 
with  the  direct  decomposing  action  of  the  current. 

M.  Marianini,  long  after  Davy 's  time,  studied  the  production 
of  voltaic  sparks  in  liquids,  but  he  operated  under  very  différent 
conditions.  It  was  by  using  a  very  feeble  pile,  and  a  tube  in 
the  form  of  an  inverted  syphon,  in  which  there  was  mercury, 
that  rose  in  two  columns  in  the  vertical  branches  of  the  tube 
without  filling  them.  Into  one  of  the  tubes  was  thrust  a 
wire  that  was  in  communication  with  one  of  the  pôles  of  the 
pile  ;  in  the  other,  the  wire  communicating  with  the  other 
pôle  was  thrust  into  a  liquid,  such  as  water,  or  any  other, 
placed  above  the  bed  of  mercury.  The  thickness  of  the 
liquid  stratum  that  the  spark  might  traverse  was  very  small, 
7\j  in.  at  most  ;  its  production  was  facilitated  by  a  particular 
oscillatory  motion  that  was  suffered  by  the  mercury,  at  the 
moment  when  the  circuit  is  closed  ;  and  this  motion,  by  con- 
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tinuing,  produced  a  succession  of  sparks.  The  nature  of  the 
wires,  by  which  the  circuit  is  closed,  is  without  influence 
over  the  phenomenon.  It  is  not  the  same  in  respect  to  the 
nature  of  the  liquid,  within  which  the  sparks  sport.  It  is 
the  worst  conductors  that  generally  favour  their  production. 
We  are  able  to  make  them  appear  even  through  oil,  by 
taking  care  to  thrust  in  the  wire,  as  far  as  to  contact  with 
the  mercury,  and  then  sharply  to  draw  it  out  :  it  is  at  this 
moment  that  the  spark  occurs,  traversing  the  thin  stratom 
of  oil.  By  raising  the  wire  thus,  and  lowering  it  until  it  is 
made  to  touch  the  mercury,  a  spark  is  every  time  obtained. 
With  water  and  alcohol,  the  effects  are  similar;  only  the 
production  of  the  spark  in  oil  is  accompanied  by  a  peculiar 
noise,  that  does  not  occur  with  the  other  two  liquida.  M. 
Marianini  had  also  noticed  that  the  colour  of  the  sparks  is 
the  same  in  liquids  as  in  the  air,  and  that  the  circumstances 
most  favourable  to  their  production  are  also  the  same  in  both 
cases  ;  that  thus  they  are  more  easily  manifested  between  two 
carbon  points,  than  between  two  metallic  points. 

Independently  of  thèse  small  sparks,  which  are  more  or 
less  discontinuous,  and  are  only  manifested  at  contact  or  at 
very  small  distances  *,  voltaic  electricity  is  able  to  gîve  rise 
to  a  luminous  phenomenon  of  the  same  kind,  but  much  more 
remarkable,  both  on  account  of  its  intensity  and  its  continuity. 
This  is  the  phenomenon  of  the  voltaic  arc,  discovered  by 
Davy. 

In  order  to  obtain  it,  the  illustrious  philosopher  made  use 
of  a  pile  of  2000  pairs  of  zinc  and  copper,  each  having  32 
square  in.  of  surface,  thus  presenting  a  total  surface  of 
128,000  square  in.,  charged  with  acidulated  water.  Having 
terminated  the  conductors,  that  were  attached  to  each  of  the 
two  pôles,  with  pièces  of  charcoal  about  an  inch  in  length 
and  \  in.  in  diameter,  he  placed  their  ends,  which  were 
trimmed  to  a  point,  at  the  distance  of  about  ^  in.  apart,  and 
he  perceived  a  brilliant  spark  appear,  at  the  same  time  the 

*  Mr.  Gassiot,  by  means  of  a  pile  of  3500  small  pain  of  copper  and  zinc, 
charged  with  pure  water,  obtained  between  two  brass  dises,  only  ^  in.  apart, 
a  séries  of  sparks  similar  to  those  of  the  electrical  machine. 


Digitized  by 


Google 


chap.  n. 


EFFECTS  OF   DTNAHIC   ELECTBICITT. 


283 


charcoals  became  incandescent  through  half  their  length. 
He  succeeded  in  separating  the  charcoals  to  the  distance  of 
more  than  4  in.  from  each  other,  without  cansing  the  phe- 
nomenon  to  cease,  which  was  manifested  as  a  continuous 
bnndle  of  fire,  passing  from  one  of  the  charcoal  points  to  the 
other,  in  the  form  of  an  arc,  convex  above,  probably  on 
acconnt  of  the  ascending  current  of  hot  air.  When  any  sub- 
stance was  introduced  into  this  arc,  it  became  incandescent  ; 
platinum  melted  in  it  like  wax  in  the  flame  of  a  candie; 
sapphire,  magnesia,  lime, — ail  the  most  refractory  substances, 
— entered  into  fusion.  Fragments  of  diamond,  points  of  carbon 
and  of  plumbago,  disappeared  rapidly,  and  seemed  to  evàporate 
in  this  focns,  without  appearing  to  undergo  previous  fusion. 

In    order    to    produce    this    phenomenon,  an  apparatus 
(Jig.  214.)  is  employed,  in  which  two  métal  rods,  movable  in 


Fig.  214. 

the  horizontal  direction  like  those  of  the  universal  discharger, 
are  carried  on  two  vertical  insulating  supports  ;  the  rods  are 
each  furnished  with  pincers,  for  receiving  the  charcoal  points, 
and  are  respectively  put  into  communication  by  means  of 
conductors,  with  the  pôles  of  the  pile.  Handles  of  glass  or 
wood,  permit  of  the  two  charcoal  points  being  withdrawn  or 
approximated  at  pleasure  in  respect  to  each  other.  When 
we  désire  to  produce  the  voltaic  arc  in  vacuo  or  in  very 
rarefied  air,  we  make  use  of  an  apparatus  (fig.  215.),  formed 
of  a  glass  globe,  into  which  penetrate,  through  collars  of 
leather,  placed  on  the  same  horizontal  diameter,  the  two  rods 
furnished  with  charcoal  points.  A  stop-cock,  fixed  to  the 
métal  tube,  that  serves  as  the  support  to  the  globe,  enables  us 
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to  produce  and  to  maintaîn  in  it  very  rarefied  air  ;  and  at 
pleasure  to  introduce  into  it  différent  gases,  under  greater  or 
less  degrees  of  pressure. 


Fig.  215. 

Davy  had  already  remarked,  that  the  phenomenon  of  the 
voltaic  arc  is  produced  in  vacuo,  as  well  as,  and  even  better 
than,  in  air  ;  a  proof  that  the  combustion,  with  which  it  is 
attended  in  air,  is  not  the  cause  of  the  heat  and  light  that 
are  there  developed.  He  even  succeeded,  by  separating  the 
points,  in  giving  the  arc  in  vacuo  a  length  of  6  or  7  in., 
namely,  almost  the  double  of  what  it  presented  in  air: 
furthermore,  the  light  was  quite  as  vivid,  and  the  heat  quite 
as  great:  for  the  carbon  was  powerfully  incandescent; 
platinum  wire  melted  with  a  brilliant  scinctillation,  and  fell 
in  globules  to  the  bottom  of  the  globe. 

A  long  time  after  Davy's  brilliant  expérimente,  Professor 
Sillimann,  on  repeating  it  with  Dr.  Hare's  pile  of  cylindrical 
pairs,  called  by  him  a  deflagrator,  observed  some  very  re- 
markable  molecular  phenomena.  He  placed  plumbago  in 
communication  with  the  positive  pôle,  and  a  pièce  of  well- 
baked  carbon,  with  the  négative  pôle.  Globules  of  melted 
plumbago  were  soon  perceived;  and  also  a  hemisphericai 
excavation  on  the  plumbago  itself  :  whilst  the  carbon  was 
elongated  on  the  side  of  the  plumbago,  and  the  black  matter, 
that  was  accumulated  there,  presented  the  appearance  of 
fusion,   not  into  globules,   but   into   striated    fibres.     This 
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matter  evidently  owed  its  origin  to  the  plumbago  of  the 
positive    pôle,   -winch  had  been  transported  in  the  state  of 
vapour  to    the  négative  pôle.     On  interchanging  the  pôles, 
very  few  globules  were  seen  to  be  formed  upon  the  plum- 
bago, and  none  upon  the  carbon  ;  but  this  latter  was  rapidly 
hollowed  ;  the  plumbago,  on  the  contrary,  was  elongated  by 
the  matter   that  accumulated  at  its  extremity  ;  and  which, 
when  seen  by  means  of  the  microscope,  presented  an  aggre- 
gatîon  of  little  sphères,  with  the  character  of  a  perfect  fu- 
sion, and  with  a  decided  metallic  brilliancy.     The  sphères 
seemed  to  be  formed  by  the  condensation  of  a  white  vapour, 
similar  to   that  of  the  oxides  arising  from  the  combustion  of 
différent  metals.     The  globules  themselves,  when  powerfully 
heated  in  oxygçn  gas,  gave  carbonic  acid,  and  a  residuum  of 
iron,  attractive  to  the  magnet.     Mr.   Sillimann  thought  he 
found  some  analogy  between  thèse  melted  carbonaceous  sub- 
stances and  the  diamond  ;  but  the  globules  in  question  scratch 
glass  alone,  are  attractive  to  the  magnet,  and  do  not  expé- 
rience any  altération  in  oxygen  at  the  highest  température  ; 
whilst  ordinary  diamond  is  not  attractive,  scratches  ail  bodies, 
and  burns  in  the  air  at  a  red  heat.     It  is  therefore  very  pro- 
bable that  the  former  are  due  to  the  nature  of  the  ashes 
arising  from  the  iron  contained  in  the  plumbago.* 

With  regard  to  the  passage  of  matter  from  one  pôle  to  the 
other,  M.  Sillimann  observed  it  very  well.  By  protecting  his 
eyes  with  a  green  glass,  he  distinctly  saw  the  matter  pass  under 
différent  forms  to  the  négative  pôle,  and  collect  there  as  dust 
would  hâve  done,  that  had  been  driven  by  the  wind  ;  he  also 
noticed  at  the  positive  pôle,  a  species  of  trépidation,  produced 
as  if  by  the  impulsion  of  an  elastic  fluid  striking  against  the 
opposite  pôle.    I  hâve  myself  observed  this  latter  phenomenon 

*  Nevertheless,  M.  Despretz  sncceeded,  by  employing  for  a  négative  élec- 
trode a  sort  of  nippers,  formed  of  fine  platinum  wires,  and  a  fragment  of  very 
pare  carbon  for  the  positive  électrode,  in  obtaining,  by  the  formation  of  the  arc 
between  thèse  two  électrodes,  some  very  brilliant  points  at  the  extrcmities  of 
the  platinum  wires,  which,  when  seen  by  the  lamp  used  by  jewellers,  presented 
ail  the  appedrance  of  small  fragments  of  diamond.  Ile  also  succeeded  in  pro- 
curing  similar  fragments,  by  substitnting  a  liqnid  hydro~carbon  for  the  solid 
carbon.  We  shall  retnrn  to  this  when  we  are  engaged  with  the  chemical  effects 
of  dynamic  electricity. 
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without  having  need  of  a  very  powerful  pile  ;  a  Grove's  pile, 
of  ten  pairs,  is  sufficient.     The  two  carbon  points  must  be 
fixed  to  two  métal  rods,  bent  into  a  horse-shoe,  and  suffi- 
ciently  elastic  that  the  two  points  may  be  in  contact  by  their 
two  extremities,  without  there  being  the  least  pressure  of  one 
against  the  other.     Immediately  the  current  is  established, 
the  light  darts  between  the  points,  and  a  rapid  séries  of,  as  it 
were,  email  détonations,  is  heard,  which,  in  their  communi- 
cation from  the  carbon  to  the  métal,  make  the  latter  vibrate, 
so  as  to  produce  a  sound,  and  even  to  render  the  vibrations 
sensible  to  the  touch.     This  noise   arises  neither  from  the 
electrical  attractions  and  repulsions,  nor  from  a  friction,  that 
might  occur  between  the  points  ;  for  it  is  the  same  with  the 
softest  carbon,  as  the  carbon  of  poplar,  as  it  is  with  two  points 
of  the   hardest   carbon,   such  as  that  collected   from  gas- 
retorts.     It  is  a  species  of  regular  crackling,   that  occurs 
among  the  molécules  of  carbon,  traversed  by  the  current,  and 
is  connected  with  the  rending  off,  and  the  transport  of  thèse 
molécules.     This  noise  is  no  longer  heard,  when  spongy  pla- 
tinum  is  substituted  for  the  carbon  points  ;  although  there  is 
in  this  case,  as  with  carbon,  a  transport,  of  which  I  hâve  con- 
vinced  myself,  of  particles,  from  the  positive  to  the  négative 
pôle.     Thèse  particles,  by  their  association,  form,  as  it  were, 
species   of  ramifications,  which  the  high  température  pro- 
duced  by  the  current,  renders  incandescent,  and  consolidâtes 
by  fusion,  so  that  they  may  be  easily  detached,  without  their 
form  being  altered. 

By  this  last  example,  we  perceive  that  the  voltaic  arc  may 
be  produced,  not  only  between  two  points  of  carbon,  but  also 
between  two  métal  conductors,  such  as  spongy  platinum  ;  it 
is  not  even  necessary  that  the  métal  be  in  the  state  of  sponge. 
Thus  it  may  be  established  between  two  points  of  forged 
platinum  ;  but  then  it  is  not  so  long,  and  it  requires  a  more 
powerful  pile  for  its  production. 

The  appearance  and  the  length  of  the  arc  vary  considera- 
bly,  with  the  nature  of  the  électrodes  between  which  it  is 
manifested.     Thus    with    wood  charcoal    well    burnt    and 
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qnenched  in  water*,  the  light  is  much  more  vivid,  and  is 

moreover  whiter  than  with  coke  ;  but  tbis  carbon  requires  a 

pile  of  a  somewhat  higher  tension.     Daniell,  with  a  pile  of 

seventy  pairs,  copper  and  zinc,  charged  with  snlphate  of 

copper  and  water,  acidulated  with  sulphuric  acid,  obtained  a 

very  brilliant  arc  either  with  two  points  of  this  carbon,  or 

with  one  point  of  carbon,  and  one  of  platinum.     M.  Despretz, 

in   a  séries  of  beautiful   experiments,   made  with  a  very 

powerful  pile,  had  fonnd  very  variable  lengths  for  the  arc,  ac- 

cording  to  the  number  and  arrangement  of  the  Bunsen  pairs, 

which  were  the  kind  employed  by  him.     He  produced  the 

arc  in  air;  enclosing  it  however  within  a  glass  cage,  having 

observed  that  the  agitation  of  the  air  greatly  déranges  it 

He  affixed  the  carbon  points,  which  were  of  coke  properly 

prepared,  to  the  extremity  of  rods  of  copper  of  f  in.   in 

diameter  :  die  arc  was  vertical.  The  following  are  the  lengths  : 

25  pairs,  1  in.  ;  100  in  parallel  séries  of  100,  7\  in.;  24  séries 

of  25,  °45  in.  ;  the  600,  in  succession  one  after  the  other, 

6^  in.  ;  pole+below  2£  in.  ;  pole  +  above  3  in.     M.  Despretz 

always  observed  certain  obscure  parts  in  the  arc.     Fînally, 

he  made  some  curious  observations  on  the  very  powerful 

ggldering,  that  occurs  between  the  carbon  rods,  of  which  the 

arc  is  formed  when  they  are  placed  in  contact;  especially 

between  those,  that  hâve  been  prepared  by  calcining  sugar- 

candy. 

In  gênerai,  in  order  to  obtain  the  arc,  we  must  commence 
by  putting  the  two  points  into  contact  ;  then,  when  the  point 
of  contact  has  become  incandescent,  the  two  électrodes  are 
gradually  drawn  apart.  However,  Daniell  succeeded  in  de- 
termining  the  arc,  without  previously  placing  the  électrodes 
in  contact,  simply  by  passing  between  them  a  powerful 
electric  spark.  This  is  the  cause  that,  with  piles  of  very 
high  tension,  which  are  able  to  give  a  spark  at  a  distance, 
the  arc  is  obtained  between  two  points,  without  there  being 
any  need  of  their  being  made  to  touch. 

*  Wood  charcoal,  qnenched  in  mercury,  is  sometimes  employed  ;  with 
carbon  of  this  kind,  the  arc  may  be  produced  with  a  much  less  powerful  pile, 
but  its  light  is  less  brilliant  ;  and  there  is  a  formation  of  vaponrs  of  mercury 
that  disturb  the  phenomenon. 
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Fizeau  and  Foucault,  when  operating  with  a  pile  of  eighty 
Bunsen's  pairs,  one  of  the  électrodes  of  which  was  carbon, 
and  the  other  a  métal  rod  of  silver  or  of  platinum,  remarked 
différences  in  the  length  of  the  arc  and  in  its  duration,  ac- 
cording  as  the  métal  or  the  carbon  communicated  with  the 
négative  or  the  positive  pôle. 

Mr.  Grove  had  already  observed  that  the  length  of  the 
arc  and  its  brilliancy  depended  upon  the  nature  of  the  metals 
between  which  it  is  produced,  the  two  électrodes  being  in 
each  case  of  the  same  métal.  The  following  is  the  order  in 
which  he  classed  them,  in  this  relation,  commencing  by  those 
which  give  the  longest  and  most  brilliant  arc,  and  supposing 
that  the  phenomenon  occurs  in  the  air:  potassium,  sodium, 
zinc,  mercury,  iron,  tin,  lead,  antimony,  bismuth,  copper, 
silver,  gold,  and  platinum.  Mr.  Grove  had  also  remarked 
that  a  part  of  the  substance,  whence  the  luminous  arc  escapes, 
is  projected  from  the  positive  to  the  négative  pôle,  and  thatit 
is  in  the  state  of  metallic  powder,  if  the  ambient  médium  is 
vacuum,  hydrogen,  or  nitrogen,  and  in  the  state  of  oxide,  in 
oxygen  or  in  air. 

However,  the  fact  of  the  transport  of  molécules  from  the 
positive  to  the  négative  pôle  is  not  so  gênerai  as  had  long 
been  supposed.  M.  Van  Breda,  when  operating  in  vacuo, 
and  determining  the  voltaic  arc,  without  previously  placing 
the  électrodes  in  contact,  but  by  means  of  a  powerful  electric 
discharge,  has  obtained  a  transport  equally  in  both  directions, 
cording  to  the  relative  nature  of  the  two  metals  between 
which  the  arc  passes.  With  two  balls  of  iron,  he  found  that 
after  the  experiment,  the  positive  bail  had  lost  4 J  grs.  and 
the  négative,  instead  of  having  gained,  had  also  lost  nearly  a 
grain.  With  an  iron  bail,  and  a  cône  of  coke,  prepared  like 
the  coke  that  is  employed  in  the  Bunsen  piles,  the  iron  lost 
very  nearly  the  same  amount,  whether  it  was  positive  or  né- 
gative ;  and  the  coke  lost  more  in.  the  former  than  in  the 
latter  case.  An  experiment,  which  proves  clearly  that  an 
émanation  of  particles  may  take  place  equally  from  both 
pôles,  although  more  powerfully  from  the  positive  to  the  né- 
gative than  from  the  négative  to  the  positive,  consista  in 
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placing  between  two  copper  balls,  serving  as  électrodes,  a 
thick  and  însulated  plate  of  iron.  The  experiment  is  made 
in  vacuo,  and  the  arc  is  brought  about  by  an  electric  dis* 
charge.  The  positive  bail  gains  in  weight  about  a  grain, 
and  the  négative  5£  grs.  They  are  both  covered  with  molé- 
cules of  iron,  which  are  derived  from  the  plate.  It  seems 
therefore  that  matter  is  repelled  at  the  same  time  from 
both  pôles  ;  or  rather  that  there  exista  a  repulsion  among  the 
métal  particles  that  conduct  the  current.* 

I  hâve  myself  studied  the  formation  of  the  voltaîc  arc, 
by  employing  électrodes  of  différent  metals,  either  both  eut 
into  points,  or  one  alone  in  a  point,  the  other  having  the 
form  of  a  plate.  In  order  to  measure  carefully  the  length 
of  the  arc,  I  employed  two  apparatus,  one  for  measuring 
it  in  the  air,  the  other  for  measuring  it  in  vacuo,  or  in 
différent  gases.  This  latter  apparatus  might,  in  strietness, 
hâve  served  both  purposes;  but  I  preferred  to  hâve  one 
in  which  the  arc  might  be  produced  in  the  open  air. 

The    first    apparatus  (Jig.   216.)  consista  of   a    groove, 


Fig.  216. 

carrying  on  one  of  its  sides  a  linear  division,  in  which  there 
slides  truly  with  friction,  a  métal  support,  that  carries  a 

*  We  hâve  clearly  seen  from  Ampère's  laws,  Vol.  L  p.  223.,  that  ail  portions 
of  the  same  carrent  repel  each  other  )  and  that  this  répulsion,  which  is  mani- 
festée! nnder  the  form  of  a  simple  movement,  when  a  part  of  the  current  is 
mobile,  ought  to  be  able  to  give  rise  to  a  séparation  or  disaggregation  of  par- 
ticles, when  the  condnetor,  not  being  mobile  in  any  of  its  parts,  the  carrent  is 
very  energetic. 

VOL.  II.  U 
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pair  of  horizontal  nippers,  to  which  may  be  adjosted  con- 
ducting  points  of  différent  natures;  a  micrometer-screw 
enables  us  to  measure,  with  great  accuracy,  the  quantity 
by  which  the  support,  and  consequently  the  point,  that  it 
carries,  is  made  to  advance  or  to  recède.  At  one  end  of  the 
groove  is  a  fixed  métal  support,  to  which  is  adapted  either 
a  similar  point  to  the  former,  or  a  conducting  plate,  so  that 
the  arc  may  be  made  to  pass  either  between  two  points  or 
between  a  point  and  a  plate.  The  divisions  of  the  micro- 
meter-screw enable  us  very  accurately  to  measure  the 
distance  between  the  two  points  or  between  the  point  and  the 
plate  ;  and  consequently  the  length  of  the  arc.  The  second 
apparatus  (Jig.  217.)  consists  of  a  bell-glass,  that  is  placed 
upon  the  table  of  an  air-pump,  in  order  to  rarefy  the  air, 
and  when  required  to  introduce  into  it  any  gas,  by  means 

of  a  stop-cock  adapted  to  the 
mounting,  which  being  situated 
above  the  bell,  carries  itself  a  collar 
of  leathers,  that  is  traversed  by  a 
métal  rod,  at  the  end  of  which  is  a 
binding  screw,  for  receiving  a  métal 
point  This  rod  may  be  lowered 
or  raised  to  an  amount,  which  may 
be  very  accurately  measured  by 
means  of  a  circular  division  traced 
upon  the  circumference  of  a  dise, 
that  moves  with  the  pièce  provided 
for  raising  or  lowering  the  rack- 
work,  with  which  the  rod  is  fur- 
nished.  A  fixed  métal  support  is 
placed  at  the  bottom  of  the  bell- 
glass;  it  carries  either  a  vertical 
point,  or  a  horizontal  plate,  so  that 
the  arc  may  be  established  with 
this  apparatus,  as  with  the  pre- 
ceding  one,  either  between  two  points 
or  between  a  point  and  a  plate. 
Having  taken  for  one  of  the 
/ty.  217.  électrodes   a  plate   of  platinum,   I 
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employed  successively  for  the  second  électrode  points  of 
différent  natures.     With  a  platinum  point,  the  arc  is  very 
short,  especially  if  the  point  is  the  négative  électrode.     In 
air  rarefied  to  about  T\y  in.,  the  point  could  not  be  sépara ted 
more  than  ^  in.  without  the  arc  breaking.     The  experiment 
was  made  with  a  Grove's  pile  of  fifty  pairs,  feebly  charged. 
With  the  same  pile,  powerfully  charged,  there  was  formed 
upon  the  platinum  plate,  employed  always  as  the  positive 
électrode,   a  perfectly  circnlar    bluish    spot;    it  was   also 
formed  in  air  nnder  the  ordinary  pressure,  but  it  had  then 
a  diameter  one  half  less.     In  hydrogen,  it  is  not  formed 
at  ail,  a  proof  that  its  production  is  the  resuit  of  an  oxida- 
tion.     When  the  platinum  plate  is  used  as  négative  électrode, 
it   is   also  covered   with  a  circular  spot;  but  this  spot  is 
formed  of  a  heap  of  small  grains  of  platinum,  and  remains 
white  ;  like  the  blue,  it  is  much  larger  in  rarefied,  than  in 
ordinary  air.     With  regard  to  the  platinum  point,  it  very 
rapidly  becomes  highly  incandescent,  when  it  is  positive; 
its  extremity  entera  into  fusion,  and  finishes  by  falling  upon 
the   plate,  forming    there    a    perfectly   spherical    globule; 
whilst  when  it  is  négative,  it  is  but  little  heated  and  does 
not  melt;  on   the   other   hand,   the  plate,   which   is   then 
positive,   becomes    red-white,    and    runs    a  risk  of   being 
perforated,  unless  it  is  very  thick.     When  a  point  of  coke 
is  substituted  for  the  platinum  point,  the  plate  remaining 
still  platinum  and  positive,  we  obtain  an  arc  of  double  the 
length  of  the  one,  that  had  been  obtained  with  the  platinum 
point.     The  arc  itself,  instead  of  presenting,  as  before,  a 
cône  of  light,  having  its  base  on  the  plate  and  its  summit 
on  the  point,  is  composed  of  a  bundle  of  luminous  jets,  starting 
from  différent  points  of  the  plate  to  impinge  upon  différent 
points  of  the  coke;  finally,  the  heat  developed  upon   the 
platinum  plate  is  so  much  more  considérable,  that  the  plate 
is  rapidly  melted  and  perforated.     The  pile,  in   thèse  ex- 
périmenta, is  exactly  of  the  same  force  as  when  the  point 
is  of  platinum,  instead  of  being  of  coke.     By  this  we  plainly 
perceive  the  very  great  influence  that  is  exercised  by  the 
négative  électrode,  whose  fonction  is  far  from  being  purely 
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passive  ;  for  we  hâve  merely  to  change  its  nature,  in  order 
to  modify  in  a  very  notable  mariner  ail  the  détails  of  the 
phenomenon.  When  the  coke  is  positive  and#  the  platînum 
plate  négative,  the  arc  is  not  so  long,  especially  in  air,  in 
which  it  is  sensibly  shorter  than  in  vacuo;  but  the  coke 
point  is  considerably  heated,  and  becomes  rapidly  incan- 
descent in  its  whole  extent. 

By  employing  successively  for  électrodes  iron,  copper, 
silver,  and  german-silver,  we  observe,  when  one  of  the 
électrodes  is  a  point,  and  the  other  a  plate  of  the  same  métal, 
that  the  point  is  incandescent  thronghout  its  length,  if  it  is 
positive,  and  that  it  is  heated  at  its  extremities  alone,  if  it  is 
négative,  With  regard  to  the  plates,  they  présent  very 
decided  cavities,  surrounded  by  coloured  circles,  when  they 
hâve  been  employed  as  positive  électrodes  in  rarefied  air. 
With  mercury  taken  as  one  of  the  électrodes,  the  laminons 
effect  is  of  the  most  brilliant  kind  ;  the  mercury  is  in  a  state 
of  extrême  agitation,  rising  into  the  form  of  a  cône,  when  it  is 
positive,  and  presenting  a  cavity  below  the  positive  point, 
when  it  is  négative, 

A  point  worthy  of  notice  is  the  différence  that  exists  in 
the  température  that  is  acquired  by  the  two  points,  between 
whicji  the  voltaic  arc  is  formed,  according  as  they  are  of  the 
same  or  of  a  différent  nature.  When  they  are  of  the  same 
nature,  it  is  always  the  positive  point  that  alone  becomes  in- 
candescent in  ail  its  extent  ;  if  they  are  of  a  différent  nature, 
it  is  the  least  conducteous  that  is  heated,  as  well  when  it  is 
négative  as  when  positive.  .  Thus  if  the  positive  point  is 
silver  and  the  négative  platinum,  it  is  the  latter  that  becomes 
incandescent,  and  the  silver  is  much  less  heated.  Things 
happen,  therefore,  as  they  do  in  a  circuit  completely  closed  : 
it  is  the  portions  of  the  circuit,  that  présent  the  greatest 
résistance  to  the  current,  that  are  most  heated;  first  the 
portion  that  forms  the  arc  itself,  then  the  métal  that  is  the 
worse  conductor.  But,  when  the  conductors  on  each  side  of 
the  arc  are  identical,  the  heating,  instead  of  being  uniform, 
is  much  more  considérable  for  the  positive  side;  a  phe- 
nomenon which,  in  connection  with  the  disaggregation  that 
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occurs  upon  the  same  side,  seems  to  indieate  that  the  positive 
électrode  suffers,  on  the  part  of  the  current,  a  much  more 
energetic  action  than  the  négative. 

"M.  Matteucci,  by  plunging  for  a  certain  time  the  two 
points,  between  which  the  arc  is  established,  into  masses 
of  water  separated,  and  taken  at  the  same  température, 
fottnd  that  the  différence  of  température  between  the  two 
points  is  greater,  according  as  they  are  formed  of  a  material 
that  is  less  conducteous,  and  more  easy  of  disaggregation. 
But,  what  is  very  curious,  is  that,  in  hydrogen  gas,  the 
différence  becomes  very  small,  which  is  probably  due  to  the 
same  cause  that  diminishes  the  heat  of  a  platinum  wire 
traversed  by  the  current,  when  this  wire  is  surrounded  by 
hydrogen,  namely,  to  the  cooling  power  of  this  gas,  which 
increases  the  conductibility  of  the  part  of  the  circuit  that  is 
plunged  into  it  Moreover,  this  unequal  heating  may  take 
place  by  the  simple  contact  of  the  two  conductors,  only  the 
différence  is  greater  when  the  contact  is  less  intimate  ;  it  is 
diminished  by  pressing  the  two  conductors  strongly  against 
each  other  :  on  the  other  hand,  it  is  augmented  by  covering 
one  of  the  surfaces  in  contact  with  a  slight  film  of  oxide,  of 
graphite,  or  of  carbon  powder  ;  the  formation  of  the  arc  is 
further  facilitated  by  artificially  heating  the  positive  élec- 
trode. 

M.  Tyrtow,  by  employing  mercury  as  one  of  the  électrodes, 
and  making  use  of  wires  of  différent  kinds  for  the  other, 
remarked  that,  whenever  the  mercury  is  négative  and  the 
wire  positive,  the  latter  becomes  red-hot  and  melts  when  its 
extremity  is  placed  in  contact  with  the  mercury;  whilst 
when  the  wire  is  négative,  and  the  mercury  positive,  at  the 
moment  of  contact  some  bluish  sparks  are  alone  apparent, 
but  the  mercury  then  undergoes  a  powerful  evaporation. 
Similar  experiments  hâve  been  made  by  various  philosophers, 
by  substituting  decomposable  liquids  for  mercury  ;  but  then 
the  luminous  and  calorific  effects  are  complicated  by  electro- 
chemical  phenomena  ;  but  we  postpone  the  study  of  thèse  to 
the  following  Chapter. 
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It  is  also  to  the  différence  of  température  of  the  two  élec- 
trodes, that  Mr.  Gassiot's  curious  experiment  must  be  at- 
tributed,  in  which,  when  placing  two  wîres  across,  for 
instance  copper  wires,  that  are  in  communication  with  the 
pôles  of  a  powerful  pile,  the  positive  wire  is  perceived  to 
become  red  for  a  distance  of  a  couple  of  inches  beyond  the 
crossing  point,  even  till  fusion  occurs  ;  whilst  the  négative  is 
incandescent  only  in  the  portion  traversed  by  the  current 
It  is  évident  that  in  this  instance,  there  is  at  the  point  of  con- 
tact, a  commencement  of  the  formation  of  the  voltaic  arc,  the 
more  so  as,  on  separating  the  wires  a  little  from  each  other, 
the  arc  appeared  between  them.  The  positive  conductor  is 
hère  the  positive  électrode  of  the  arc  ;  and,  in  this  capacity,  it 
becomes  much  more  heated  than  the  négative,  which  causes 
it  to  become  incandescent,  not  only  in  the  portion  that  is 
traversed  by  the  current,  but  even  to  a  small  distance  beyond 
this  portion. 

As  M.  Matteucci  observed,  the  arc  is  generally  composed 
of  a  central  part  almost  cylindrical,  whose  bases  rest  upon 
the  polar  extremities,  and  which  shines  with  a  white  and  very 
intense  light  ;  this  part  is  enveloped  in  a  more  rare  luminous 
matter,  of  a  spheroidal  form,  the  colour  of  which  changes 
with  the  nature  of  the  points  whence  the  arc  émanâtes,  and 
with  that  of  the  médium  that  it  traverses.  The  central  part 
is  composed  of  a  matter,  in  which  the  electric  current  is  pro- 
pagated,  as  in  a  liquid  conductor  ;  for  proof  of  this,  we  hâve 
merely  to  thrust  into  ît  the  fine  ends  of  two  platinum  wires, 
coming  from  two  glass  tubes,  and  fixed  to  the  extremities  of 
a  galvanometer.  At  the  moment  when  the  platinum  wires 
arrive  at  the  central  part  of  the  luminous  arc,  the  élévation  of 
the  déviation  of  the  needle  of  the  galvanometer  indicates  the 
présence  of  a  powerful  derived  current  Furthermore,  we 
hâve  merely  to  introduce  a  voltameter  into  the  circuit  of  the 
voltaic  arc,  to  hâve  évidence  that  the  current  is  propagated  in 
itin  a  continuous  manner.  We  are  even  able,  by  the  indica- 
tions of  the  voltameter,  to  estimate  the  résistance  opposed  by 
the  arcs  produced  with  points  of  différent  natures,  placed  at 
variable   distances.     Thus,   when  operating  with  a  pile  of  60 
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pairs  of  Grove's,  it  is  found  that  the  current,  by  its  passage  in 
the  voltameter  for  60  seconds,  libérâtes  in  it  quantities  of  gas 
equal  to  3-4, 2*6,  and  2*3  cubic  inches,  for  distances,  between 
the  points  of  coke  in  the  arc,  corresponding  to  "07,  all  and 
•15  in.     With  two  points  of  silver,  which  alter  less  promptly 
than  those  of  carbon,  3*6  cubic  inches  of  gas  is  obtained,  at  a 
distance  of  all  in.  between  the  points,  and  2*8  cubic  inches  at 
a  distance  of  #23  in.     With  points  of  différent  metals,  forming 
luminous  arcs  of  *11  in.  in  length,  there  is  found  in  the  volta- 
meter, after  passing  the  current  through  it  for  60  seconds, 
1"4  cub.  in.,  if  the  points  are  of  copper;  1*5  cub.  in.  if  they 
are  of  brass  ;  1*6  cub.  in.  if  they  are  of  iron  ;  1*7  cub.  in.  if 
they  are  of  coke;  2*1  cub.  in.  if  they  are  of  zinc;  2*7  cub. 
in.  if  they  are  of  tin.     When  the  points  touch  and  there  is  no 
arc,  2*8  cub.  in.  are  obtained.     It  evidently  follows  from  this 
that  the  conductibility  proper  of  the  arc  dépends,  less  upon 
the  conductibility  of  the  metals  of  which   the    points  are 
formed,  than  upon  their  facility  of  meltingand  disaggregating, 
and  consequently  upon  the  quantity  of  matter  that  disappears 
in  the  experiment. 

If  a  métal  plate  is  placed  between  the  two  points,  so  as  to 
be  situated  in  the  middle  of  the  arc,  the  formation  of  which  is 
excited  by  an  electric  spark,  we  notice  that  the  central  part  of 
the  plate  commences  by  entering  into  fusion,  and  globules 
dart  from  both  sides,  towards  the  points,  at  the  same  time 
that  similar  globules  dart  from  the  points  towards  the  plate  ; 
the  inner  part  of  the  arc,  which  gives  it  the  spheroidal  form, 
appears  to  be  produced  by  the  still  more  divided  matter,  that 
is  the  resuit  of  the  destruction  and  combustion  of  thèse 
globules  ;  when  the  arc  is  produced  in  a  liquid,  this  matter  is 
not  seen  to  be  volatized  and  divided,  seeing  that  it  is  dispersed 
n  the  liquid  ;  the  central  part  alone  is  perceived,  which,  on 
the  other  hand,  is  less  distinct  with  carbon  points,  on  account 
of  their  great  facility  of  disaggregating. 

It  would  seem  that  the  formation  of  the  arc  is  the  resuit  of 
the  contrary  electrical  states,  that  are  possessed  by  the  polar 
extremities  before  the  circuit  is  closed,  which  may  be  mani- 
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fested  by  an  attraction  and  a  spark  *,  and  which  subsisting 
when  the  arc  is  once  formed,  détermine  at  a  certain  distança, 
that  is  always  very  small,  between  the  points  a  séries  of 
sparks  and  a  chain  of  molten  matter,  or  of  incandescent  par- 
ticles, detached  from  the  pôle.    The  same  phenomenon  onght, 
indeed,  to  exist  in  ail  parts  of  the  circuit,  since  it  is  thus  that 
the  propagation  of  the  carrent  takès  place  ;  bat  it  prodnces 
mechanical  effects   in  the  portion  of  this  circuit,    similar 
to  those  in  which  the  voltaic  arc  is  manifested,  and  in  which 
the  résistance  is  greater  and  the  distance  of  the  particles  more 
considérable. 

The  spheroidal  form  of  the  arc  is  the  resuit,  like  the  phe- 
nomenon that  is  produced  with  the  spark  of  the  machine  in 
the  experiment  of  the  electric  egg,  of  the  mutual  répulsion  of 
the  parts  detached  from  the  same  polar  extremity,  joined  to 
the  attraction  exercised  over  them  by  the  other  pôle.  We 
may  even  see,  by  passing  a  séries  of  sparks  between  two 
métal  points  plunged  into  essence  of  turpentine,  that  holds 
in  suspension  very  fine  particles  of  cork  or  carbon,  that  thèse 
particles  group  themselves  between  thèse  points  ;  forming  a 
mass  of  a  spheroidal  form,  composed  of  filaments  that  go  from 
one  point  to  the  other,  and  each  of  which  is  formed  by  a 
chain  of  thèse  molécules,  between  which  small  sparks  pass. 
We  bave  already  seen  in  the  first  Chapter  of  this  Part,  that 
the  distribution  of  currents  in  a  liquid  conducting  mass  seems 
to  take  place  under  the  form  of  filaments  abutting  on  the  two 
pôles,  and  forming  between  them  a  spheroid.  We  shall  see 
new  proofs  of  this,  when  we  are  occupied  with  the  chemical 
effects  of  the  current 

A  phenomenon  that  is  of  a  nature  to  confirm  what  we 


*  Mr.  Gassiot,  as  we  hâve  seen,  had  obtained  with  a  pile  of  3500  pairs  of 
zinc,  copper,  and  water,  at  the  polar  extremities,  electrical  charges  of  such 
strength,  as  to  give  for  several  days  in  succession,  sparks  passing  at  a  distance 
of  ^j  in.  and  sncceeding  each  other  very  rapidly.  M.  Matteucci,  by  Connecting 
the  pôles  of  a  Grove's  pile  of  fifty  to  sixty  pairs,  with  two  brass  roda,  each  cany- 
ing  at  its  extremity  a  sheet  of  gold-lcaf,perceivcd  an  attraction  to  be  manifested 
between  thèse  leaves  at  a  distance  of  an  inch  or  so  ;  and,  if  thèse  two  leaves 
are  made  very  short  and  are  brought  verv  near  together,  they  are  seen  to  bc 
attracted  at  the  moment  when  the  arc  closes  the  cirenit  ;  at  the  same  time  a 
spark  passes,  and  the  luminous  arc  is  gcnerally  established. 
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have  been  saying  on  the  nature  of  the  voltaic  arc  îs  the  in- 
fluence that  is  exercised  upon  it  by  magnetism.  Arago  had 
suspected  this  influence  immediately  after  Œrsted's  disco- 
very  ;  Davy  proved  it  soon  after,  by  bringing  a  powerful 
magnet  near  a  voltaic  arc  formed  by  two  carbon  points,  and 
from  1  to  4  in.  in  length,  according  to  the  degree  of  rare- 
faction  of  the  surrounding  air.  The  arc  or  luminous  column 
was  attracted  or  repelled  with  a  rotatory  movement,  accord- 
ing to  the  position  of  the  pôle  of  the  magnet,  and  the 
direction  of  the  current.  The  action  was  more  energetic, 
when  the  air  through  which  the  arc  was  produced  was  more 
rarefied,  and  consequently  the  arc  itself  was  more  extended. 

By  employing  an  electro-magnet  instead  of  a  magnet,  the 
effect  is  much  more  decided,  and  the  arc  may  even  be  broken, 
by  causing  a  too  powerful  attraction  or  repulsion  to  break  the 
chain  of  particles,  that  establish  the  communication  between 
the  two  pôles,  and  that  constitute  the  movable  conductor, 
upon  which  the  magnetic  force  is  acting.     M.  Quet,  having 
produced  a  vertical  voltaic  arc,  perpendicularly  between  the 
two  vertical  polar  faces  of  an  electro-magnet,  saw  this  arc 
transform  itself  into  a  horizontal  dart,  like  that  which  is  pro- 
duced by  blowing  upon  a  flame  with  a  blow-pipe.     This  dart 
may  attain  a  length  eight  or  ten  times  greater  than  the  arc 
1  or  li  in.  in  length,  for  example  when  the  latter  is  only  -J-  in. 
Particles  of  carbon  are  seen  to  be  projected  by  the  action  of 
the  electro-magnet,  in  the  direction  of  the  dart,  when  the 
carbons  are  incandescent  on  the  side  of  the  points  themselves 
from  which   the   arc   émanâtes.     The   change   of  direction 
of  the  dart,  when  the  direction  of  the  current  or  the  pôles  of 
the  electro-magnet  are  changed,  plainly  indicates  that  this 
effect  is  due  to  the  répulsive  action  of  one  of  the  magnetic 
pôles,  combined  with  the  attractive  action  of  the  other,  upon 
the  current  that  is  transmitted  by  the  arc.     This  is  confirmed 
by  the  convex  form  that  it  assumes  in  the  direction  of  the 
dart,  when  the  pôles  of  the  electro-magnet  are  too  far  off  to 
allow  of  the  dart  itself  being  formed.     We  may  add  that  its 
formation  is  attended  by  a  peculiar  whizzing,  which  lasts  as 
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long  as  the  dart  ;  and  that  at  the  moment  when  it  ceases, 
there  is  produced  a  very  powerful  détonation.* 

I  had  already  noticed,  before  M.  Quet,  this  double  noise, 
in  a  detailed  study  that  I  had  made  of  the  action  of  mag- 
netism  upon  the  yoltaic  arc;  and  I  had  shown  that  it  is 
connected  with  the  molecular  modifications  that  this  action 
brings  upon  the  matter  itself  of  this  arc.  I  had  at  first 
remarked  that  if  two  rods  of  soft  iron,  serving  as  électrodes, 
are  each  placed  in  a  bobbin,  formed  of  a  thick  copper  wire, 
the  yoltaic  arc,  that  occurs  between  thèse  two  points,  ceases 
at  the  moment  when  the  ironrods  are  magnetised,  by  passing 
a  powerful  current  into  the  bobbins;  and  that  it  recom- 
mences, if  we  take  care  to  interrapt  this  current  before 
the  points  hâve  become  cold.  The  arc  itself  cannot  be  es- 
tablished  between  two  points  of  iron  when  they  are  magnetised, 
except  when  they  are  much  nearer;  and  its  appearance 
is  quite  différent.  The  particles  that  are  formed  seem  to 
detach  themselves,  not  without  difficulty,  from  the  électrodes  ; 
sparks  dart  with  noise  in  ail  directions;  whilst  formerly 
there  was  a  very  vivid  light  without  spark  and  noise, 
accompanied  by  the  transport  of  a  liquid  mass,  which  was 
brought  about  with  the  greatest  facility.  The  phenomenon 
takes  place  in  the  same  manner  whether  the  two  rods  of  iron 
présent  at  their  ends,  between  which  the  luminous  arc  passes, 
the  same  or  différent  magnetic  pôles.  We  must  also  remark 
that  the  positive  électrode  produces,  when  powerfully  mag- 
netised, at  the  moment  when  the  arc  is  established  between 
it  and  a  négative  électrode  of  any  nature,  a  sharp  hissing, 
altogether  similar  to  what  occurs  to  steam  in  locomotives; 
the  noise  ceases  immediately  with  the  magnétisation. 

In  order  the  better  to  study  this  kind  of  effect,  it  is 
préférable  to  employ  a  powerful  electro-magnet.  I  did 
this  and  placed  upon  one  of  its  polar  surfaces  a  métal  plate, 
and  vertically  over  it  a  métal  point  so  as  to  establish  the 
voltaic  arc  between  them.     The  plate  and  point  being  both 

*  Tliis  détonation  is  ofton  very  powerful,  also,  in  induction  sparks,  which  arc 
véritable  instantaneous  voltaic  urc*. 
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of  platinum,  and  the  plate  being  positive,  as  soon  as  the 
electro-magnet  is  magnetised,  whilst  the  arc  is  in  existence, 
a  very  sharp  hissing  is  heard  ;  and  it  is  necessary  to  bring 
the  point  very  near  to  the  plate  in  order  that  the  arc 
may  continue.  If  the  plate  is  négative  and  the  point  positive, 
the  arc  can  no  longer  maintain  its  vertical  position;  it  is 
projected  towards  the  edges  of  the  plate  and  is  immediately 
broken  ;  every  time  its  rupture  occurs,  it  is  attended  by  a 
dry  and  instantaneous  noise,  similar  to  the  discharge  of  a 
Leyden  jar. 

The  same  effects  are  observed,  by  employing  a  plate  and 
point  of  any  métal,  provided  the  plate  and  point  are  of  the 
same  métal,  and  that  the  latter  is  not  too  fusible»  Copper, 
and  especially  silver,  présent  a  remarkable  peculiarity;  it 
is  that  the  plate  préserves  on  its  surface  the  impression  of 
the  action  that  it  suffers  under  the  influence  of  the  electro- 
magnet  Thus,  when  it  is  positive,  the  portion  of  the  surface 
that  is  beneath  the  négative  point  présents  a  spot  in  the 
form  of  a  hélix,  which  seems  to  indicate  that  the  melted 
métal  in  this  portion  underwent  a  gyratory  motion  around 
a  centre,  at  the  same  time  that  it  is  raised  in  the  form  of 
a  cône.  The  helical  curve  is,  moreover,  in  its  whole  length 
bordered  by  small  ramifications,  perfectly  similar  to  the 
brushes  that  are  developed  by  the  traces  of  positive  elec- 
tricity,  that  cornes  from  the  knob  of  a  Leyden  jar.  When 
the  plate  is  négative  and  the  point  positive,  the  traces 
are  very  différent;  there  is  a  circle  of  a  very  small  diameter 
from  which  arises  a  Une,  more  or  less  curved,  that  forms 
a  species  of  tail  to  the  cornet,  of  which  the  small  circle 
would  be  the  nucleus;  the  direction  ,of  the  tail  dépends 
upon  the  direction  in  which  the  arc  has  been  projected. 

On  producing  the  arc  between  two  points,  very  near  to 
the  electro-magnet,  between  its  two  pôles  for  example,  we 
may  easily  bring  about  either  the  sharp  hissing  or  the  séries 
of  détonations  ;  the  latter  are  even  sometimes  so  strong  as  to 
resemble  distant  discharges  of  musketry  ;  it  is  merely  neces- 
sary that  the  electro-magnet  be  very  powerful,  and  the 
current  by  which  the  arc  is  produced,  very  intense.     With 
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a  point  of  platinum,  and  one  of  copper,  the  hissing  is  obtained, 
when  the  platinum  is  positive,  and  the  détonations,  when  the 
copper  is  positive.     This  is  due  to  platinum  becoming  much 
more  heated  than  copper  when  positive.     It  is  easy  to  prove 
that,'  in  order  to  obtain  the  hissing,  it  is  necessary  that  the 
positive  électrode  attain  a  température,  capable  of  making  it 
undergo  a  commencement  of  liquéfaction  ;  if  this  is  not  the 
case,  we  obtain  merely  détonations  :  I  hâve  satisfied  myself  of 
this,  by  numerous  expérimenta  made  with  différent  metals. 
In  order  to  obtain  the  hissing,  the  précaution  must  be  taken 
of  maintaining  the  arc  as  continuons  as  possible,  when  once 
the  positive  électrode  is  well  incandescent  ;  whilst,  in  order  to 
obtain  détonations,  one  of  the  électrodes  must  be  held  in  the 
hand,   and    the   arc  must  be   established  and  interrupted 
frequently,  taking  care  that  the  température  of  the  points 
does  not  rise  too  much.     Thèse  results  appear  to  point  out 
to  us  that  the  hissing  is  due  to  the  transport  of  the  matter  of 
the  positive  électrode,  more  or  less   liquefied,   whilst   the 
détonations  arise  from  the  tearing  off  of  thèse  same  partiales, 
when    the   substance   that   is  disaggregated   is   not  highly 
heated.    But  what  is  very  extraordinary,  is,  that  this  hissing 
and  thèse  détonations  take  place  only  when  the  arc  is  under 
the  action  of  the  magnet.     Can  it  be  simply  the  effect  of  the 
attractive  and  répulsive  action  of  the  currents  of  the  magnet 
upon  the  séries  of  particles  which,  forming  the  arc,  constitute 
a  conductor,  more  or  less  mobile,  traversed  by  the  carrent  ? 
Can  it  be  the  resuit  of  a  modification,  brought  about  by  the 
influence  of  the   electro-magnet  upon   the  molecular  con- 
stitution of  the  électrodes  ?     I  am  rather  disposed  to  think 
that,  under  the  powerful  influence  of  the  electro-magnet,  the 
molécules  which  transmit  the  current,  in  forming  the  electric 
chain,  assume  forced  positions,  duetoelectro-dynamic  action; 
and  that  the  hissing  is  the  resuit  of  this  constraint,  impressed 
upon  the  molécules  that  corne  off  from  the  électrodes,  whilst 
the  détonation  is  the  effect  of  their  return  to  their  state  of 
molecular  equilibrium.     The  following  experiments  appear 
to  me  of  a  nature  to  corroborate  this  opinion,  at  the  same 
time  thcy  seem  to  confirm  the  ideas,  which  we  hâve  put 
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forth  in  the  preceding  Chapter,  upon  the  mode  of  propagation 
of  the  electric  cnrrent. 

If  we  place  in  the  axial,  or  equatorial,  or  intermediate 
direction,  above  the  pôles  of  a  powerfully  magnetised  electro- 
magnet,  prismatic  bars  of  tin,  zinc,  lead,  and  bismuth  of  f  in. 
square,  and  about  20  in.  in  length,  and  cause  a  discontinuous 
current  to  traverse  them,  derived  from  a  pile  of  from  5  to  10 
pairs  of  Grove's,  we  hear  very  distinctly  a  sound  composed 
of  a  séries  of  blows,  corresponding  to  the  interruptions  of  the 
current  They  give  ont  no  perceptible  sound,  so  long  as  the 
electro-magnet  is  not  magnetised.  The  same  effect  is  pro- 
duced  with  rods  of  copper,  sil ver,  and  platinum.  Tubes  of  ail 
thèse  same  metals  give  out  still  more  decided  sounds  than  solid 
cylinders  ;  wires  wound  in  a  hélix  around  a  wooden  cylinder, 
vibrate  in  like  manner;  a  wire  of  lead,  arrangea  in  this 
manner,  is  able  in  particular  to  give  out  a  very  powerful 
sound.  An  ordinary  magnet  produces  the  same  effect  as  an 
electro-magnet  It  is  the  same  with  a  hélix,  traversed  by  a 
powerful  continuons  current,  in  the  axis  of  which  is  placed 
the  bar,  the  tube,  or  the  wire,  through  which  the  discon- 
tinuous current  is  transmitted.  With  a  double  hélix,  formed 
of  two  thick  copper  wires,  covered  with  silk  and  wound 
one  exteriorly  to  the  other,  we  obtain  a  sound  of  remarkable 
intensity,  by  causing  the  continuons  current  to  pass  through 
the  exterior  wire,  and  the  discontinuous  through  theinterior; 
in  the  converse  case,  the  sound  is  much  more  feeble,  which 
is  due  to  the  magnetic  action  of  a  current  in  a  hélix,  being 
almost  null  exteriorly,  whilst  it  is  very  energetic  interiorly. 

The  effects,  that  we  hâve  been  describing,  cannot  be  at- 
tributed  to  a  dilatation,  arising  from  a  heating  brought  about 
by  the  current,  since  they  take  place  with  conductors  of  too 
large  dimensions,  and  with  too  feeble  a  current,  for  us  to 
admit  that  there  is  the  slightest  élévation  of  température. 
Moreover  the  sound  is  produced  only  so  long  as  the  electro- 
magnet  is  acting  at  the  same  time  that  the  current  is  being 
transmitted.  Neither  can  we  admit  that  the  production  of 
the  sound  is  the  resuit  of  a  mechanical  flexion,  occasioned  by 
the  attractive  or  the  répulsive  action  of  the  electro-magnet 
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upon  the  conductor  traversée!  by  the  carrent;  the  dimensions 
of  this  conductor  exclude  this  interprétation,  which  more* 
over  cannot  be  reconciled  with  the  fact  that  bodies  so  little 
elastic  as  lead  and  well«burnt  vegetable  carbon  give  rise  to 
the  same  phenomenon,  as  does  a  colnmn  of  merenry,  cori- 
tained  in  a  glass  tube,  an  inch  in  dianieter,  and  10  in.  in 
length.*  Ail  thèse  phenomena  appear  to  me  to  be  the 
resnlt  of  the  action  of  the  electro-magnet  upon  the  small 
voltaic  arcs,  that  occur  from  molécules  to  molécules,  in  the 
interior  of  a  conducting  body,  traversed  by  an  electric 
current.  When  the  electro-magnet  acts  upon  ail  the  visible 
voltaic  arcs,  it  is  not  necessary,  in  order  to  the  production 
of  the  sound»  to  render  the  current  discontinuons  ;  because 
it  is  already  so  of  itself,  the  arc  being  formed  of  a  séries  of 
discharges,  that  succeed  each  other  more  or  less  rapidly. 
It  is  not  the  same,  when  the  current  traverses  good  con- 
ductors,  such  as  métal  rods;  it  is  then  necessary  to  render 
it  discontinuous,  in  order  that  the  particles  may  hâve 
time  to  recover  their  natural  position  between  the  passage  of 
two  successive  currents,  and  may  thus  acquire  an  oscillatory 
movement  around  this  position,  a  necessary  condition,  in 
order  that  the  action  of  the  electro-magnet  may  détermine  a 
sound,  and  which  is  found  fulfilled  naturally  with  the  lu- 
minous  voltaic  arc 

In  fine,  the  oscillatory  motion  and  the  production  of  sound, 
which  is  it  conséquence,  appear  to  me  to  be  a  molecular 
phenomenon,  arising  from  the  conflict  established  between 
the  position,  which  the  action  of  the  magnet  tends  to  impress 
upon  the  molécules,  that  form  the  electric  chain,  and  that 
which  the  particles  possess  naturally.  This  conflict,  very 
apparent  to  the  eye,  as  well  as  to  the  ear,  when  it  takes 
place  in  the  particles,  of  which  the  luminoos  arc  is  composed, 
becomes  sensible  by  sound  alone,  when  it  occurs  with 
molecular  arcs,  or  discharges  that  take  place  from  particles 

*  When  mercury  is  placed  in  an  open  trough,  at  the  same  time  that  a  sound 
is  heard,  a  particular  vibratory  motion  is  seen  on  its  surface,  very  différent 
from  the  gyratory  motion  that  it  manifesta  nnder  the  influence  of  the  pôles  of  a 
magnet,  when  traversed  by  a  continuons  current 
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to  particles.  But,  except  in  its  magnitude,  it  is  no  less  an 
analogous  phenomenon  ;  which  confirma,  as  we  hâve  already 
remarked,  the  idea  which  we  hâve  already  laid  down  that 
the  propagation  of  the  current  takes  place  in  conductors  by 
a  séries  of  discharges  from  molécules  to  molécules,  similar  to 
those  which  are  brought  about  at  finite  distances  between 
two  conductors,  and  which  we  hâve  just  been  studying, 
under  the  name  of  voltaic  arcs. 


General  Considérations  on  Electric  Heat  and  Light.     Spécial 
Properties  of  tkis  Light 

The  study  that  we  hâve  been  making  of  the  electric  spark 
and  the  voltaic  arc,  hâve  demonstrated  to  us  that,  under  thèse 
two  forms,  the  production  of  light  and  heat  by  electricity  is 
connected  in  aremarkable  manner  with  the  motion  of  the  par- 
ticles  of  bodies.  On  the  other  hand,  the  récent  researches  of 
Joule,  of  Clausius,  and  of  Thomson  hâve  led  philosophers  to 
regard  heat  as  resulting  from  a  rotatory  motion  of  the  par- 
ticles about  an  axis  ;  and  we  hâve  ourselves  considered  this 
hypothesis  as  calculated  to  explain  the  polarity  of  atoms.* 
Might  it  not  then  be  possible  that  the  cause  of  the  heat,  and 
consequently  the  light,  that  are  generated  by  the  reunion  of 
the  two  electricities,  brought  about  under  the  form  of  dis- 
charge or  current,  may  be  not  in  the  fact  itself  of  this  re- 
union, but  in  an  increase  of  molecular  motion,  that  might 
resuit  from  the  transmission  of  electricity  ?  This  motion,  it  is 
true,  is  not  apparent  in  the  phenomenon  of  the  heating,  and 
the  incandescence  of  good  conductors,  such  as  wires,  as  it  is 
in  the  spark  and  in  the  voltaic  arc.  However,  it  is  mani- 
fested,  even  in  this  case,  by  the  molecular  modifications  which 
are  experienced  by  the  wires  that  hâve  been  rendered  incan- 
descent by  the  effect  of  discharges,  f     Moreover,  it  would 

*  Vol.  n.  p.  48. 

f  An  experiment  which  would  seem  to  hâve  demonstrated  that  the  heat  liberated 
by  the  carrent  is  due  to  a  motion  having  a  certain  direction,  was  that  in  which 
attcmpts  were  made  to  pass  at  the  same  time  through  the  same  wire,  in  di- 
rections  contrary  to  each  other,  two  energetic  currents  of  the  same  intensity, 
and  each  capable  separately  of  making  that  wire  red-hot     It  was  fonnd  that, 
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seem  to  us  that  the  best  proof,  in  favour  of  the  existence  of 
this  motion,  independently  of  the  production  itself  of  the  heat, 
exista  in  the  gênerai  fact  of  the  sounds  that  are  given  ont, 
and  consequently  of  the  vibrations  that  are  experienced,  by 
ail  conductors  which  transmit  discontinuons  currents,  when 
placed  under  the  influence  of  powerful  electro-magnets. 

With  regard  to  the  theory  that  attributes  the  libération  of 
heat  and  light  in  a  direct  manner  to  the  reunion  itself  of  the  two 
electricities,  we  find  an  objection  against  its  generality,  in  the 
important  fact,  discovered  by  Peltier,  proved  and  studied  by 
severalother  philosophera,  that  this  reunion  sometimes  produces 
a  réduction  of  température.  Peltier  had  demonstrated  this 
curious  propertyof  the  current,by  placing  in  the  interior  of  the 
bulb  of  an  air  thermoscope,  instead  of  a  platinum  wire  as  in 
Riess's  apparatus  (fig.  193.  p.  216.),  a  rod  TLÏÏ  in.  in  diameter, 
consisting  of  two  small  cylinders,  one  of  bismuth,  the  other  of 
antimony,  applied  end  to  end  against  each  other,  so  that  their 
surface  of  contact  was  almost  at  the  centre  of  the  bulb.  He 
found  that  the  electric  current  of  a  single  pair,  transmitted 
through  the  rod,reduced  the  température  of  the  point  of  contact 
thirty-seven  divisions,  when  it  was  going  from  bismuth  to 
antimony,  and  raised  it  about  forty-five  when  travelling 
from  antimony  to  bismuth.  Lenz  justly  remarked  that  the 
effect  of  the  cooling  is  diminished  in  the  manner  in  which 
Peltier  operated,  by  the  heating  that  the  passage  of  the 
current  détermines  in  the  bar  itself  of  bismuth,  as  indeed  he 
proved.  In  order  to  avoid  this  inconvenience,  he  soldered  one 
after  the  other  two  quadrangular  bars  of  bismuth  and  anti- 
mony, each  4£  in.  in  length,  and  having  a  transverse  section 


ander  thèse  circumstances,  the  wjre  remained  perfectly  cold  ;  a  proof,  it  was 
thought,  that  the  two  motions,  guided  in  opposite  directions,  neatralised  each 
other.  Bat  it  is  easy  to  see  that  in  this  mode  of  operating,  the  wire,  instead  of 
being  traversed  by  two  opposite  currents,  is  not  traversed  by  either.  In  fact, 
the  experiment  is  rednced  to  this  ;  namely,  that  when  two  piles  are  connected 
by  their  opposite  pôles,  so  as  to  form  a  complète  circuit,  a  wire  which  unités  the 
two  conductors,  establishing  communications  between  the  pôles,  is  not  trayersed 
by  any  current  ;  which  must  be  the  case  ;  since  scarcely  even  would  a  feeble 
derived  current  be  transmitted  by  the  wire.  The  experiment,  therefore,  is  in  no 
way  conclusive,  in  farour  of  the  existence  of  a  molecular  motion,  but  it  is  not 
contrary  to  it 
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of  *38  sq.  in.  he  then,  at  the  point  of  soldering,  pierced  a  hole, 
into  which  he  introduced  the  bulb  of  a  small  thermometer, 
taking  care  entirely  to  fill  with  iron  filing8  the  upper  part  of 
the  hole,  that  remained  empty.  By  passing  through  this 
métal  rod  the  carrent  of  a  simple  pair  of  zinc  and  platinum 
of  about  155  sq.  in.  surface,  he  found  that  the  thermometer 
fell  7°'2,  when  the  crurent  was  going  from  the  bismuth  to 
the  antimony;  and  that,  on  the  contrary,  it  rose  several 
degrees,  when  the  carrent  was  travelling  from  the  antimony 
to  the  bismuth.  Having  filled  the  hole  of  the  soldering  with 
water,  and  having  covered  the  rod,  except  at  the  soldering 
point,  with  melting  snow,  so  that  the  température  of  ail  the 
apparatus,  including  the  water,  was  maintained  at  32°  Fahr.,  he 
succeeded  in  freezing  the  water  contained  in  the  hole,  and  even 
in  loweringits  température  to  24°  Fahr.,  bj  causing  the  current 
to  pass  from  the  bismuth  to  the  antimony  for  five  minutes. 
Without  the  passage  of  the  current,  the  water  did  not  freeze  ; 
and  its  température  was  maintained  merely  at  32°  Fahr. 

The  curions  phenomenon  that  we  hâve  just  been  pointing 
out  is  connected  with  a  more  gênerai  fact,  namely,  the  vari- 
ation of  température  that  is  brought  about  by  the  passage  of 
an  electric  current  at  the  point  of  contact  of  two  hetero- 
geneous  conductors,  soldered  end  to  end.  M.  Peltier  ob- 
served  that,  for  the  greater  part  of  the  metals,  the  élévation 
of  température  is  always  much  greater  at  the  point  of 
contact  of  two  wires,  when  the  current  passes  from  the 
worse  to  the  better  conductor,  than  in  the  reverse  case  ;  and 
the  différence  may  become  such  that,  in  certain  cases,  in* 
stead  of  an  élévation  there  is  a  fall  of  température,  as  we  hâve 
remarked;  but  then  two  conditions  are  necessary  in  order 
to  obtain  this  latter  phenomenon, — the  first,  that  one  of  the 
metals,  at  least,  shall  be  crystalline  ;  the  second,  that  the  trans- 
mitted  current  shall  hâve  a  feeble  intensity. 

M.  Frankenheim,  who  made  a  profound  study  of  thèse 
phenomena,justly  distinguished  this  variation  of  température, 
which  takes  place  at  the  limit  of  the  two  conductors,  and 
which  he  naines  secondary,  from  that  which  occurs  in  the 
whole  circuit.     The  former  dépends  upon  the  direction  of  the 
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carrent,  whilst  the  latter  is  independent  of  it;  it  is  propor- 
tional  to  the  simple  intensity  of  the  current,  whilst  the  latter 
is  proportional  to  the  square  of  this"  intensity. 

Moreover,  the  effects,  for  the  first  time  observed  by 
Peltier,  are  connected  with  a  phenomenon  that  we  hâve  notyet 
studied, —  that  of  the  production  of  thermo-electric  currents, 
which  are  developed  by  heating  and  cooling  alternately  the 
points  of  contact  of  small  heterogeneous  métal  rods,  soldered 
end  to  end,  one  after  the  other,  so  as  to  form  an  entire 
métal  circuit  In  fact,  on  heating  the  point  of  contact  of  a 
bar  of  antimony  and  a  bar  of  bismuth,  a  current  is  deter- 
mined,  which  travels  directly  from  the  bismuth  to  the  anti- 
mony ;  and  on  cooling  it,  a  current  is  obtained  which  travels 
in  like  manner  directly  from  the  antimony  to  the  bismuth  ; 
that  is  to  say,  that  the  current  produced  by  thèse  variations 
of  température,  has  a  direction  precisely  contrary  to  that  of 
the  current  that  would  produce  thèse  same  variations.  This 
opposition  seems  therefore  to  indicate  that  the  exterior 
current,  that  is  introduced  into  the  rod  composed  of  two 
metals,  produces  in  them  a  molecular  motion,  acting  in  a 
contrary  direction  to  that  which  is  determined  in  them  by 
heat,  and  hence  arises  the  fall  of  température,  which  is  so 
difficult  of  explanation  otherwise.  But  it  is  only  in  the 
Fifth  Fart,  devoted  to  the  sources  of  electricity,  and  parti* 
cularly  in  the  Chapter,  wherein  we  shall  treat  more  specially 
of  the  development  of  electricity  by  heat,  that  we  shall  be 
enabled  to  return,  when  studying  it  more  profoundly,  to  the 
phenomenon  that  we  hâve  been  pointing  ont,  and  which  has 
been  the  object  of  the  labours  of  a  great  number  of  philo- 
sophera. What  we  hâve  said  of  it,  however,  suffices  to 
justify  the  double  assertion  that  we  hâve  put  forth  above, 
namely,  that  the  heat  liberated  by  the  transmission  of  dy- 
namic  electricity  is  not  due  to  the  reunion  of  the  two 
electricities,  but  that  it  must  rather  be  attributed  to  a 
molecular  motion,  the  production  of  which,  or  at  least  the 
increase,  is  brought  about  by  this  reunion.  Therefore  we 
conçoive  that,  in  the  case  of  crystallised  bodies,  in  which  the 
molécules  are  retained  by  forces  that  do  not  allow  of  their 
immediately  acquiring,  under  the  influence  of  the  current,  a 
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position  that  places  the  direction  of  their  natural  rotation  in 
harmony  with  that  of  the  rotation,  which  the  carrent  tends  to 
impress  upon  them,  thèse  two  directions  may  be  contrary  in 
such  a  manner,  that  the  passage  of  the  cnrrent  counteracts  the 
motion,  and  that,  far  from  increasing  the  velocity,  it  dimi- 
nishes  it,  which,  according  to  the  présent  théories  upon  heat, 
lowers  instead  of  élevâtes  température.  It  is  no  longer  the 
same,  when  the  current,  becoming  more  powerful,  the  mole* 
cular  forces  ought  to  yield  to  it,  and  no  longer  oppose 
the  particles  acquiring  the  position  which  it  tends  to  impress 
upom  them, — a  position  which  they  occupy  without  conflict 
in  non-crystallised  bodies  and  in  liquids. 

Thèse  molecular  motions,  which  are  so  perceptible  in  the 
voltaic  arc,  exist  no  less  in  the  sparte*  although  they  are  less 
sensible  in  it.  We  hâve  seen  the  proof  of  this  in  the  trans- 
port of  particles,  that  is  brought  about  by  the  electric  spark  ; 
and  in  the  formation  of  Priestley's  rings.  Thus  the  electric 
spark,  like  the  arc,  is  the  resuit  of  a  very  rapid  motion,  im- 
pressed  upon  material  particles,  and  which  is  accompanied  by 
a  powerful  heat  and  light;  but  its  excessively  short  dura- 
tion  renders  the  perception  of  thèse  phenomena  much  more 
difficult  than  in  the  arc,  which  is  permanent  Is  not  the 
light  of  the  spark  alone  due  to  the  incandescence  of  the  small 
solid  particles,  detached  from  the  conductor,  and  of  the  ambient 
gaseous  molécules  ;  or  rather,  might  it  not  in  part  arise  also 
from  a  disturbance,  impressed  directly  upon  the  ether  by  the 
motion  of  the  electricity  ?  It  would  appear  to  me  a  difficult 
matter  to  admit  that  electricity  might  act  directly  upon  the 
ether,  so  as  to  produce  in  it  luminous  ondulations  ;  for  there 
is  no  electric  light  in  perfect  vacuum,  except  that  which  arises 
from  the  incandescence  of  the  particles  detached  from  the  con- 
ductors  by  the  discharge  ;  and  this  light  always  manifesta  itself 
every  where,  when  there  are  material  particles  in  a  space  that 
contains  but  few  of  them.  Thus  in  the  long  tube,  in  which 
perfect  vacuum  has  been  made,  the  electric  light  is  seen  to 
travel  along  the  interior  surface  of  the  glass  tube,  to  which 
air  or  vapour  always  remain  adheiïng.  I  hâve  even  suc- 
ceeded  in  showing,  in  a  striking  manner,  the  présence  of  a 
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pondérable  substance,  where  there  is  electric  light,  even  in 
apparently  the  most  perfect  vacuum.  The  following  is  the 
description  of  an  experiment,  which,  although  made  with  a 
view  of  explaining  aurora  boréales,  as  will  be  seen  hereafter, 
proves  well  the  principle  that  I  hâve  just  laid  down. 

I  introduced  into  a  globe  of  glass  12  or  15  in.  in  diameter 
(fig.  218.),  by  one  of  the  two  opposite  necks  with  which  it  is 


Fig.  218. 

furnished,  a  rod  of  soft  iron  about  |  in.  in  diameter,  so  that 
one  of  its  extremities  abuts  nearly  to  the  centre  of  the  globe, 
and  the  other  cornes  ont  through  the  tube,  and  passes 
beyond  it  The  iron  rod  is  covered  along  its  whole  extent, 
except  at  its  extremities,  with  a  very  thick  insulatdng  coat, 
formed  first  of  gum-lac,  then  of  a  glass  tube  itself  covered 
with  gum-lac,  then  of  a  second  glass  tube,  and  finally  of  a 
very  smooth  coat  of  wax  ;  the  insulating  coating  should  be,  in 
ail,  f-  in.  in  thickness,  which  gives  a  diameter  of  about  1  j  in.  to 
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the  bar  thus  coverecL     A  ring  of  copper  surrounds  the  bar 
above  the  insulating  coating  in  the  portion  nearest  to  the 
neck,  but  in  the  interior  of  the  globe.     This  ring  may  be 
placed  in  communication  with  an  electric  source  exterior  to 
the  bar,  by  means  of  a  wire  carefully  insulated,  which  tra- 
verses the  neck  and  terminâtes  exteriorly  by  a  hook.      A 
stop-cock,  fixed  to  the  second  neck  of  the  globe,  allows  of  a 
vacuum  to  be  made  in  it     When  the  air  is  sufficiently  rare- 
fied  in  it,  the  hook  is  put  into  communication  with  the  con- 
ductor  of  an  electrical  machine,  and  the  exterior  extremity  of 
the  soft  iron  rod  with  the   ground,  so   that  the  electrîcity 
forms  in  the  interior  of  the  globe  a  luminous  brush,  more  or 
less  irregular,  which  originates  at  the  ring  and  abuts  upon 
the  upper  extremity  of  the  soft  iron.     But  at  the  moment 
when  the  exterior  extremity  of  this  iron  is  placed  upon  the 
pôle  of  a  powerful  electro-magnet,  the  electric  light  assumes 
a  very  différent  aspect.     Instead  of  coming  out  indifferently 
from  différent  points    of  the  upper  surface  of  the  iron  cy- 
linder,  it  cornes  out  equally  from  ail  points  of  the  circum- 
ference  of  this  surface,  so  as  to  form  round  it,  as  it  were,  a 
continuons  luminous  ring.     This  is  not  ail  :  this  ring  pos- 
sesses  a  rotatory  motion  around  the  magnetised  cylinder, 
sometimes  in  one  direction,  sometimes  in  the  other,  according 
to  the  direction  of  the  electric  current,  and  the  direction  of 
the  magnétisation.     Finally,  more  brilliant  jets  seem  to  corne 
out  from  this  luminous  circumference,  without  being  con- 
founded  with  the  rest  of  the  brush.     As  soon  as  the  mag- 
nétisation ceases,  the  luminous  phenomenon  becomes  what  it 
was  before,  and  as  it  generally  is  in  the  experiment  known 
under  the  name  of  the  electric  egg. 

Is  it  not  évident  that  thèse  luminous  jets,  which  obey  the 
action  of  the  magnet,  like  movable  conductors,  are,  in  this 
case,  as  well  as  in  that  of  the  voltaic  arc,  composed  of 
material  particles  traversed  by  the  discharge  ?  I  am  disposed 
to  admit  that  thèse  particles,  are  gaseous,  and  that  they  arise 
from  the  film  of  air  remaining  adhèrent,  notwithstanding  the 
vacuum  at  the  upper  surface  of  the  cylinder  of  iron,  out  of 
which  the  electric  jet  comes,  that  draws  them  with  it  so  as  to 
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form  the  brush,  which,  as  we  hâve  seen,  is  composed  of  small 
filaments  of  air»  Moreover,  the  violet  light  of  thèse  gaseous 
filaments,  traversée!  by  the  discharge,  differs  notably  from  the 
white  and  much  more  vivid  light  of  the  solid  particles  detached 
from  conductors,  which  are  found  in  a  greater  or  less  pro- 
portion in  the  midst  of  the  electric  light  There  existe, 
between  thèse  two  appearances,  almost  the  same  différence  as 
is  observed  between  the  pale  light  of  the  flame  of  pure 
hydrogen  or  of  alcohol,  and  that  of  this  same  flame  when 
small  particles  of  carbon,  or  a  thin  plate  of  platinum  are 
introduced  into  it,  which  become  incandescent 

However,  M.  Neef,  who  made  a  particular  study  of  the 
electric  light,  is  disposed  to  think  that  the  light  of  the  bluish 
colour,  which  is  manifested  around  conductors  charged  with 
electricity,  arises  from  a  species  of  gaseons  atmosphère,  with 
which  every  métal  in  the  solid  state  is  surrounded,  and  which 
is  rendered  visible  by  the  electricity,  where  it  acte  with  the 
greatest  intensity.  The  présence  of  this  metallic  atmosphère 
would  explain  the  changes  of  colour,  which  the  light  un- 
dergoes,  with  the  nature  of  the  metals,  between  which  the 
induction  spark  passes.  M.  Neef  had  observed  it  with  zinc, 
which  gives  a  blue  light,  and  copper,  which  gives  a  green 
one.  M.  Matteucci  made  the  same  observation  with  points 
of  zinc,  copper,  and  gold.  However,  M.  Neef  recognised 
that,  with  frictional  electricity,  which  has  much  more  tension, 
the  air  and  elastic  fluids  may  become  luminous,  which 
explains  why  the  différent  gases  produce  light  of  a  dif- 
férent colour.  It  is  very  probable  that  it  is  the  same  with 
the  light  of  the  induction  spark  ;  and  that  the  différences  that 
are  presented  in  its  colour,  according  to  the  metals  between 
which  it  is  manifested,  are  due  to  the  mixture  of  incandescent 
metallic  particles  with  gaseous  particles  equally  luminous. 

We  hâve  already  spoken  in  a  former  paragraph,  at  p.  277., 
of  the  interesting  labours  of  Neef,  who  was  the  first  to  apply 
successfully  the  microscope  to  the  study  of  the  luminous 
phenomena  of  electricity,  by  carefully  examining,  with  the 
assistance  of  this  instrument,  ail  the  peculiarities  of  the  in- 
duction spark.     This  philosopher  had  thought  he  might  be 
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able  to  distinguish  the  two  pôles,  in  respect  to  their  calorific 
and  laminons  properties,  attributing  to  the  positive  pôle  the 
libération  of  heat,  the  réduction  into  dust,  and  the  volatisation 
of  the  substance  of  the  électrode  ;  and  to  the  négative  pôle, 
the  production  of  primary  light,  namely,  of  the  light  that 
does  not  arise  from  an  increase  of  température.     The  ex- 
istence of  this  light,  which  he  terms  cold  fiâmes,  appears  to 
M.  Neef  very  distinct  from  that  which  results  from  the  in- 
candescence and  combustion  of  the  solid  particles,  detached 
from  the  électrodes;  and  he  considère  it  as  being  of  the 
same  nature  as  phosphoric  light,  which,  in  like  manner,seems 
not  to  be  endowed  with  heat;  this  light  is,  therefore,  ac- 
cording  to  him,  independent  of  heat,  whilst  the  secondary 
light  is  due  to  the  heat  which,  arising  from  the  positive  pôle, 
produces  incandescence  and  transports  to  the  négative  pôle 
particles  of  the  positive  électrode,  when  it  acquires  a  certain 
degree  of  intensity  ;  [the  heat  and  light  are  then  confounded, 
but  not  in  their  origin.     It    is  by   diminishing  sufficiently 
the  intensity  of  the    induction  spark  that   we  succeed  in 
obtaining  light  at  the  négative  électrode  alone  ;  and  for  this 
purpose    M.   Neef    makes  use    of    a    small    dise    and    a 
platinum  point,  between  which  he  made  this  spark  to  pass 
by  means  of  a  similar  apparatus  to  that  of  fig.  149  *,  the 
force  of  which  he  might  diminish  at  pleasure.f     According 
as  the  induction  current  is  in  one  or  the  other  direction,  it  is 
at  one  time  the  point,  at  another  time  the  dise,  that  is  illumi- 
nated  with  a  violet  light,  whilst  the  opposite  électrode  remains 
dark.     Riess,   as   we  hâve    seen,    has   shown    that   NeePs 
luminous  phenomenon  is  analogous  to  that  of  Faraday's  dark 
discharge  ;  and  that  it  may  in  like  manner  be  produced  by 
means  of  a  powerful  induction  current,  transmitted  in  rare- 
fied  air  between  two  balls,  of  which  one,  the  négative,  is 
luminous,  and  the  other,  the  positive,   remains   dark.     He 

*  VoL  L  p.  387. 

f  The  most  simple  means  of  causing  the  intensity  of  tbe  induction  carrent 
to  vary,  is  to  introduce  into  its  circuit  a  small  column  of  water  placed  in  a  tube 
in  which  are  inserted  two  métal  points,  that  may  be  brought  more  or  lésa  near, 
and  so  that  the  course  of  the  current  through  the  water  may  hâve  more  or 
fess  length  ;  he  cailed  the  apparatus  a  moderator. 
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has  shown  that  with  a  less  raréfaction,  the  positive  pôle 
becomes  also  luminous,  which  proves  that  the  libération  of 
light  is  not  an  exclusive  property  of  the  négative  pôle. 

Neef  's  idea  of  Connecting  the  libération  of  light  and  heat 
with  the  nature  of  the  polarity,  négative  or  positive,  does  not 
therefore  appear  to  us  to  hâve  any  foundation  ;  the  more  so 
as  there  is  no  longer  any  polarity,  as  soon  as  there  is  any 
discharge  or  current  ;  and  as  heat  and  light  are  developed, 
only  so  long  as  there  is  electricity  in  motion.  However, 
there  are  two  facts  well  demonstrated  :  the  first,  that,  as 
soon  as  there  is  transmission  of  a  discharge  or  an  electric 
current  through  a  bad  conductor,  the  positive  électrode 
suffers  an  increase  of  température  and  a  mechanical  disag- 
gregation,  which  is  not  suffered  in  the  same  degree  by  the 
négative  ;  the  second,  that  the  émission  of  light  is  not  always 
identical  at  the  two  électrodes,  and  that,  according  to  the 
circumstances  which  accompany  the  transmission  of  elec- 
tricity, it  is  more  powerful  at  the  positive,  than  at  the  négative 
électrode.  I  am  disposed  to  think  that  thèse  différences  are 
due  essentially  to  the  nature  of  the  médium  interposed 
between  the  électrodes,  as  well  as  to  the  nature  and  form  of 
the  électrodes  themselves,  which  is  also  the  resuit  of  expéri- 
menta made  with  the  voltaic  arc.  Perhaps  also,  in  certain 
cases,  the  chemical  altérations,  that  occur  to  the  médium  tra- 
versed  by  the  electricity,  are  not  altogether  foreign  to  thèse 
effects.  But  before  seeking  further  for  the  explanation,  let 
us  endeavour  to  study,  better  than  we  hâve  hitherto  done, 
the  electric  light  itself,  its  spécial  properties  and  its  effects: 
we  shall  find  in  this  study  a  means  of  investigating  its  nature 
better,  and  of  better  explaining  its  various  appearances. 

Very  soon  after  the  discovery  of  the  voltaic  arc,  it  had 
been  remarked  that,  both  in  respect  to  its  intensity  and 
to  its  other  properties,  this  light  had  much  resemblance  to 
solar  light.  Brande  had  shown  that  it  détermines  im- 
mediately  the  combination  of  chlorine  and  hydrogen  :  I  had 
myself  observed  that  a  daguerréotype  impression  might 
be  obtained  of  a  plaster  bust,  illuminated  by  this  light. 
I  had  also  proved  that  it  présents  no  trace  of  polarisation  ; 
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another  analogy  with  the  rays  of  the  sun.  Subsequently, 
MM.  Fizeau  and  Foucault,  on  comparing  the  two  lights, 
either  with  each  other  or  with  that  which  is  produced 
hj  oxygen  and  hydrogen  gas  projected  upon  lime,  had 
confirmed  this  analogy;  for  they  found  that,  both  in  re- 
spect to  their  chemical  action  upon  an  iodized  daguerréo- 
type plate,  as  well  as  in  that  of  their  simple  luminous  action, 
estimated  by  the  comparison  of  the  images  received  upon 
a  translucid  screen,  the  intensity  of  the  light  of  the  carbon 
points,  produced  by  46  Bunsen's  pairs,  is  to  that  of  solar  light 
as  1  :  4  ;  and  even  as  1  :  2*5,  with  three  parallel  séries, 
namely,  with  forty-six  pairs  of  triple  surface  ;  whilst  the  in- 
tensity of  the  light  of  oxygen  and  hydrogen  gas  is  to  that  of  the 
voltaic  light  as  1  :  35  or  as  1  :  56,  with  the  46  pairs  having 
large  surface.  We  therefore  see  how  much  nearer  the 
electric  light  approximates  to  solar  light,  than  does  that 
which  is  produced  by  the  combustion  of  the  gaseous  mixture. 
One  very  remarkable  thing  is,  that  we  arrive  at  the  same 
resuit,  both  in  respect  to  optical  intensities  as  well  as 
chemical  intensities  ;  which  proves  that  thèse  two  intensities 
are  in  the  same  relation.  I  should  add  that  the  voltaic 
light,  submitted  to  experiment,  was  furnished  by  the  ex- 
tremity  of  the  positive  électrode,  which  appears  to  be  the 
most  brilliant  portion  of  the  arc  formed  by  two  carbon 
points.  M.  Despretz,  in  bis  researches  on  the  voltaic  arc, 
has  fairly  proved  that,  if  the  arc  increases  in  length  with 
the  number  of  pairs,  arranged  in  séries,  the  intensity  of  its 
light,  having  passed  a  certain  limit,  does  not  follow  the  same 
progression,  but  increases  with  the  surface.  Thus,  beyond  100 
pairs  the  intensity  does  not  sensibly  increase,  if  we  augment 
the  number  of  pairs  in  séries  even  up  to  600,  whilst  the 
arc  becomes  six  or  seven  times  longer  ;  but  if  we  arrange  the 
600  pairs  in  six  parallel  séries,  so  as  to  hâve  100  pairs  of  a 
large  surface,  then  the  intensity  of  the  light  increases  almost 
proportionately  to  this  surface. 

Casselmann,  in  operating  with  carbon  points,  prepared 
like  the  carbon  of  the  Bunsen's  piles,  but  which  had  been 
plunged  in  a  solution,  either  of  nitrate  of  strontian  or  nitric 
acid,  &c,  had  found  that  thèse  points  produco  a  light  much 
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more  equal  and  more  permanent,  than  that  which  had  been 
obtained  with  pure  carbon  :  only  it  is  differently  coloured, 
according  to  the  nature  of  the  solution,  înto  which  the  carbon 
points  hâve  been  plunged 

The  following  is  a  Table,  which  contains  the  degree  of  in- 
tensity of  the  light  for  each  arc,  with  the  force  of  the  corre- 
sponding  cnrrent,  measured  by  means  of  a  tangent  galvano- 
meter,  placed  in  the  same  circuit  of  which  the  arc  forms  part. 
The  laminons  intensity  is  compared  with  that  of  a  stéarine 
taper  taken  as  unity. 


Distance  of  the 

Force  of  the 

Inteniitr  of 
the  Light. 

Points. 

Current. 

Pure  Carbon  - 

"  "019  in. 
176     - 

r  95 

68 

f   932 

L    139 

Carbon  plunged  into  nitrate  of 

f  -019    - 

fl20 

/    353 
l    274 

strontian     - 

•265     - 

88 

Carbon  plunged  into  chloride 

'  -039     - 

:   80 

f   624 

ofzinc         - 

•196     - 

67 

1    129 

Carbon,  with  borax    in    sul- 

'  -058    - 

'  72 

J  1171 

phuric  acid 

L  '196     - 

L  64 

\   145 

i 

Thèse  results  are  only  approximate,  on  account  of  the  mo- 
bility  of  the  light  of  the  incandescent  extremities  of  the 
points,  that  contribute  for  the  most  part  to  the  vivid  light  of 
the  arc.  However,  compared  with  others,  in  which  the  light 
had  been  rendered  more  steady  by  means  of  the  action  of  a 
magnet,  which  imparted  to  it  a  determinate  direction,  it  is 
found  that  the  luminous  intensity  increases  in  a  progression 
a  little  more  rapid  than  the  force  of  the  current 

M.  Masson,  who  has  made  a  very  particular  study  of  the 
electric  light,  directed  his  attention  principally  to  that  which 
is  manifested  by  the  spark;  he  produced  it,  in  his  expéri- 
menta, by  the  discharges  of  a  condenser,  with  plates  of  glass 
covered  on  each  of  their  faces  with  a  thin  sheet  of  tin-foil. 
The  instrument  intended  for  thèse  expérimenta,  and  which  he 
called  an  electric  photometer,  is  constructed  upon  the  following 
principles  :  —  A  dise  of  paper,  upon  which  black  and  white 
sectors  of  equal  dimensions  hâve  been  traced,  moving  with 
sufficient  rapidity,  appears  of  a  uniform  and  greyish  tint,  if  it  is 
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illumînated  with  a  permanent  white  light.  This  well-known 
phenomenon  is  due  to  the  persistence  of  the  sensation.  When, 
instead  of  a  fixed  light,  we  employ  an  instantaneous  light  for 
illuminatîng  the  sectors,  the  dise  appears  as  if  it  were  fixed, 
the  sectors  not  having  been  able  sensibly  to  change  place 
during  the  existence  of  the  light.  The  eye  in  this  case  per- 
ceiving,  and  with  great  distinetness,  ail  the  détails  of  the 
dise,  we  already  acquire  a  notion  of  its  extrême  sensibility, 
and  of  the  rapidity  with  which  the  perception  of  objects  is 
exercised,  and  our  judgment  of  their  nature  is  formed.  If 
the  dise,  ilhuninated  by  a  permanent  light,  is  suddenly  il- 
lumînated by  an  instantaneous  light,  an  electric  spark,  for 
example,  we  shall  see  the  sectors  appear  again,  for  a  certain 
intensity  of  this  latter.  If  the  instantaneous  light  is  succes- 
sively  reduced,  a  period  arrives  when  the  sectors  will  dis* 
appear  and  the  dise  will  appear  illuminated  of  a  uniform  tint. 
In  this  case,  the  instantaneous  light  is  a  fraction  of  the  per- 
manent light,  variable  with  the  eye  of  the  operator,  but  in- 
variable for  the  same  eye,  the  circumstances  of  vision  re- 
maining  the  same.  In  fact,  on  account  of  the  persistence  of 
the  sensation,  the  place,  that  a  black  sector  occupies  not  re- 
flecting  the  light  of  the  spark,  has  entirely  preserved  the 
primitive  illumination;  that  which  is  occupied  by  a  white 
sector,  sends  to  the  eye  as  much  light  as  the  former,  plus  the 
light  due  to  the  spark.  When  the  intensity  of  this  latter 
shall  represent  the  limit  of  sensibility  of  the  eye  of  the  ob- 
server, the  dise  will  appear  uniformly  illuminated.  The 
relation  between  the  intensities  of  the  illuminations  of  the 
black  and  white  sectors  at  the  moment  when  they  cease  to 
be  distinguishable,  may  vary,  as  we  shall  see  further  on,  from 
?ïï  *°  t^ô>  according  to  the  sensibility  of  the  eye  of  the  ob- 
server. With  regard  to  the  relation  between  the  intensity  of 
the  light  of  the  spark  and  that  of  the  fixed  light,  it  dépends 
upon  the  dimensions  of  the  black  and  white  sectors.  If  the 
sectors  are  equal,  —  and  it  is  the  case  in  thèse  experiments,  — 
the  relation  between  the  instantaneous  and  the  fixed  light  is 
the  half  of  that  found  by  experiment.  In  fact,  let  us  suppose 
that  the  sensibility  of  the  eye  is  ^  ;  when  the  sectors  dis- 
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appears  the  relation  between  the  electric  light  and  tfae  fixed 
ligfat  is  only  y-J-ç  of  the  illumination  that  would  be  produced 
by  the  fixed  light  upon  a  perfectly  white  dise  ;  because  the 
dise  in  motion  sends  to  us  only  the  half  of  the  light,  that  it 
would  reflect  if  it  were  in  a  state  of  rest  and  perfectly  white. 
The  intensity  of  the  electric  light,  given  by  experiment, 
would  be  only  j^-  of  the  fixed  light,  if  the  black  surface  were 
two-thirds  of  the  white  surface. 

The  apparatus  necessary  to  the  experiments  are  an  electric 
machine,  condensera,  a  micrometer  for  measuring  the  explosive 
distances  of  the  spark,  conductors  of  peculiar  form  and 
nature,  the  apparatus  intended  to  contain  the  permanent 
light,  and  finally  the  photometer.  The  condensera  are  flat 
and  formed  of  plates  of  glass,  covered  on  each  of  their  faces 
with  a  thin  sheet  of  tin-foil,  which  enables  us  easily  to 
measure  their  surface  and  their  thickness,  and  to  estimate 
their  degree  of  homogeneity.  The  fixed  light  is  produced  by 
a  very  good  Carcel  lamp,  the  illuminating  power  of  which 
may  be  rendered  constant  for  two  or  three  hours.  The  lamp 
(Jig.  219.)  is  contained  within  a  wooden  box  blackened, 
similar  to  that  of  a  phantasmagoria  ;  and  this  system  is 
movable  upon  a  grooved  road  furnished  with  a  division  in 
millimètres  (7ly  in.),  which,  by  means  of  a  vertical  point  cor- 


Fig.  219. 
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responding  with  the  centre  of  the  flame,  measures  its  distance 

from  the  illuminated  dise  The 
photometric  apparatns  is  essentially 
constituted  of  a  dise  of  thick  paper 
(fig.  220.)  3  in.  in  diameter,  upon 
which  hâve  been  traced  sixty 
sectors,  alternately  black  and  white, 
and  of  the  same  dimensions;  the 
dise  is  cemented  upon  a  copper 
support,  fixed  by  a  socket  to  the 
principal  axis  of  a  clock-movement, 
contained  in  a  box  ;  by  the  aid  of  a 

detent,  we  are  enabled  to  arrest  or  to  set  in  motion  the  dise, 

the  velocity  of  which  can  attain  to  a  maximum  of  from  200 

to  250  turns  per  second. 

The  apparatns  complète  is  represented  in  vertical  projection 


Fïg.  220. 


Fig.  221. 


(fig.  221.)  ;  M  N,  is  the  partition  that  séparâtes  the  dark  room, 
in  which  the  apparatns  is  placed,  from  the  room,  in  which  are 
the  electrical  machine  and  the  condenser,  the  discharge  of 
which  arrives  by  the  brass  conductors  v  and  v7,  sustained  in 
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the  centre  of  glass  tubes  K  H,  and  K'  H*,  by  corks  coyered  with 
an  insulating  coating.  The  armatures  of  the  condensera  commu- 
nicate  by  métal  conductors,  y  g  and  v7  g',  with  columns  of  mer- 
cury,  contained  in  grooves,  L  L  and  1/ i/,  hollowed  in  wooden 
cylinders  and  varnished  within  side  with  black  sealing-wax. 
Thèse  conductors,  like  ail  the  others  attached  to  the  apparatus 
placed  in  the  dark  apartment,  are  coyered  with  varnish  of  dead 
black,  so  as  to  avoid  ail  reflection.     The  rods  Y  G,  and  Y7  g', 
amalgamated  on  ail  the  points  that  plunge  into  the  mercury, 
abut  at  opposite  extremities  of  the  canals  L  L,  1/  i/,  so  that 
the  circuit  traversed  by  the  current  remains  constant     The  cy- 
linder  1/  1/  is  insulated  upon  glass  legs,  coyered  with  a  coat 
of  blackened  gum-lac  ;  L  L  is  fixed  to  the  support  that  receives 
the  apparatus  from  which  the  spark  passes.     This  wooden 
support,  constructed  like  the  fixed  pièce  of  a  planing  machine, 
is  marked  by  the  letters  Q  Q;  it  is  placed   upon  a  table, 
firmly  fixed  to  the  wall  or  to  the  fioor  ;  it  carries  on  one  of 
its  faces  a  division  in  millimètres,  which  is  not  visible,  be- 
cause  it  is  traced  upon  a  horizontal  rod,  and  perpendicular  to 
the  plane  of  the  figure.     The  apparatus,  that  is  the  seat  of 
the  spark,  is  movable  upon  Q  Q,  and  may  be  brought,  by 
means  of  a  Vaucansin  endless  chain  and  a  handle,  to  différent 
distances  from   the  photometer.      The   pièce  carrying  the 
spark  is  composed  of  a  plank  a,  b,  supporting  two  vertical 
rods,  one  of  glass,  a  7,  the  other  of  copper,  b  S.     At  1  is  in- 
variably  fixed,    by   a  binding  screw,   a   meta!   conductor, 
plunging  at  a>  into  the  mercury  ;  this  conductor  is  terminated 
at  t7  by  a  bail  screwed  on.     Another  conductor,  T  8,  carrying 
also  a  bail,  t,  screwed  to  it,  is  set  in  motion  by  means  of  a 
micrometer  screw,  b  8,  giving  half  a  millimètre  (y1^  in.)    The 
communication  with  the  ground  is  established  by  the   con- 
ductor, S  b9  y,  L,  of  which  the  part  Y,  L,  plonges  into  the 
groove  of  mercury  L  L.     The  supports,  o  0,  fixed  upon  the 
table  by  binding  screws,  carry  a  groove,  which  enables  us  to 
establish  parallelism  between  the  trenches  L  and  i/«     The 
centre  of  the  dise,  that  of  the  flame  of  the  lamp,  and  the 
spark,  are  contained  in  a  same  horizontal  plane.     The  eye  of 
the  observer  looks  at  the  dise  through  a  tube,  blackened  in- 
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teriorly  and  exteriorly,  having  its  axis  perpendicular  to  the 
plane  of  the  dise  ;  tbis  tube  contains  diaphragme,  which  allow 
of  the  eye  seeing  the  sectors  alone.  The  Carcel  lamp,  with 
its  box,  is  placed  behind  the  eye  of  the  observer,  so  as  to 
illuminate  the  dise  npon  the  horizontal  support,  when  the 
box  that  contains  it,  moves  along  the  division. 

After  various  preliminary  essays,  which  proved  to  him  the 
accuracy  and  the  sensibility  of  his  apparatus,  M.  Masson 
found  that  the  intensity  of  the  electric  light,  produced  by 
discharges,  depended  upon  the  folio wing  éléments  :  lst,  the 
distance  of  the  explosion  ;  2nd,  the  surface  of  the  condensers  ; 
3rd,  the  thickness  of  the  condensers  ;  4th,  the  nature,  and 
consequently  the  condensing  power,  of  the  condensers  ;  5th, 
the  conductibility  of  the  circuit  ;  6th,  the  nature  of  the  mé- 
dium in  which  the  explosion  is  produced  ;  7th,  the  nature  of 
the  pôles,  or  électrodes,  between  which  the  spark  passes.  He 
established,  moreover,  the  following  laws  :  — 

First  Law.  The  intensity  of  the  electric  light  varies  in  the 
inverse  ratio  of  the  square  of  the  distances  of  this  light  from  the 
surfaces  illuminated. 

Second  Law.  The  intensity  of  the  electric  light  varies  pro- 
portionately  to  the  surfaces  of  the  condensers,  and  in  the  inverse 
ratio  of  their  thickness. 

Thibd  Law.  Tlie  intensity  of  the  electric  light  increases  pro- 
portionately  to  the  squares  of  the  distances  of  the  explosion. 

Thèse  are  gênerai  laws,  and  independent  of  the  other 
éléments,  which  influence  only  the  absolute  intensity  of  the 
electric  light.  It  is  very  remarkable  that,  upon  comparing 
the  results  of  M.  Masson  with  those  of  Riess,  we  find  that  the 
same  laws  regulate  the  development  of  light  and  that  of 
heat,  in  such  sort  that  the  same  formula  are  applicable  to 
them;  and  that  we  may  lay  down  as  a  principle,  that  the 
quantities  ofheat  are  proportional  to  the  quantities  of  light 

We  cannot  hère  introduce  ail  the  détails  of  the  numerous 
expérimenta,  by  means  of  which  M.  Masson  has  obtained  the 
laws  that  we  hâve  just  laid  down,  any  more  than  those  which  he 
has  made  in  order  to  study  the  influence  of  the  conductibility 
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of  tbe  circuit,  and  the  explosive  distance  of  the  différent  ga- 
seous  and  liquid  substances.*  We  shall  confine  ourselves  to 
transcribing  two  of  the  Tables,  that  contain  the  résulta  relating 
to  the  influence  exercised  over  the  intensity  of  the  electric 
light,  by  the  nature  of  the  électrodes,  which  will  at  the  same 
time  give  the  idea  of  the  manner  in  which  this  skilful 
French  philosopher  operated  in  his  researches. 

He  employed  successively  for  électrodes,  balls  of  métal  of 
différent  natures,  being  about  *15  in.  in  diameter;  at  each 
change  of  métal,  the  position  of  the  yernier,  corresponding 
to  the  contact  of  the  sphères,  was  determined  by  bringing  the 
balls  towards  each  other,  until  a  small  spark,  produced  by 
the  electric  machine,  was  seen  to  disappear  between  them  ;  then 
designating  the  explosive  distance  by  x,  that  of  the  spark  from 
the  photometer  by  Y,  and  that  of  the  lamp  by  z,  the  résulte 
are  obtained  that  are  contained  in  the  two  following  Tables  ; 
the  first  of  which  gives  x,  z  and  Y,  being  constants,  and  the 
second  y,  x  and  z  being  constants.  In  the  two  séries  of  expé- 
rimenta, the  surface  of  the  condenser  was  70£  square  feet. 


Z  =  21-22  in.    Y  =  2491in. 


Metals. 

z. 

Mean. 

Iron  - 

•2141  in. 

•2161  in. 

•2161  in. 

•2154  in. 

Copper 

•2078 

•2059 

•2082 

•2073 

Brass 

•2067 

•2048 

•2035 

■2048 

Tin    - 

•1917 

•1925 

•1921 

•1921 

Zinc  - 

•1921 

•1909 

•1913 

•1914 

Lead 

•1650 

•1623 

•1419 

•1630 

Z= 21-22  in.    X= 

•236  in. 

Métal», 

T. 

Mean. 

Copper 

•2959  in. 

•2955  in. 

•2955  in. 

•2956  in. 

Brass 

•2971 

•2975 

•2971 

•2972 

Iron  -' 

•3002 

•2982 

•2990 

•2962 

Tin    - 

•3073 

•3081 

•3077 

•3077 

Lead 

•3120 

3140 

•3128 

•3129 

Zinc  - 

•3136 

•3128 

•3132 

•3132 

*  We  hâve  already  treated  upon  this  point  in  Chapter  L  p.  156.  et  seq. 
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In  classing  the  metals,  according  to  the  increase  wbich 
they  are  able  to  produce  in  the  intensity  of  the  spark,  we 
obtain  the  following  order: 

Flrrt  Table.  Second  Table. 

Iron.  Copper. 

Copper.  Brass. 

Brass.  Iron. 

Tin.  Tin. 

Zinc.  Lead. 

Lead.  Zinc. 

We  see  from  this  classification,  that  the  metals  form  two 
distinct  groups,  between  which  there  exists  a  very  notable 
différence  of  action,  whilst  it  is  very  slight  between  the  metals 
of  the  same  group.  Thèse  groups  comprise  :  the  one  copper, 
iron,  and  brass  ;  and  the  other,  tin,  zinc,  and  lead.  Now,  this 
classification  is  the  same  as  that  which  would  hâve  been  ob- 
tained,  by  taking  into  account  the  tenacity  of  thèse  metals  ; 
those  which  possess  the  least  tenacity  giving  a  more  vivid 
light  than  those  which  possess  more.  As,  on  the  other  hand, 
the  inspection  with  a  lens  of  the  balls  that  hâve  been  used  for 
the  production  of  numerous  sparks,  shows  that  they  are  deeply 
altered  at  the  points  of  explosion,  especially  those  of  tin,  zinc, 
and  lead,  we  are  forcibly  led  to  recognise  that  the  luminous 
phenomenon  is  due  to  the  effects  of  tearing  away,  which  vary 
with  the  tenacity  of  the  metals  and  not  with  their  fusibility; 
since  metals  having  very  différent  points  of  fusion  présent  the 
same  intensity  to  the  photometer.*  Moreover  this  order  is  also 
that  which  M.  Matteucci  had  found,  by  classifying  the  metals 
according  to  the  conductibility  of  the  arc  to  which  they  give 
rise.  Experiments  made  successively  with  brass  balls,  whose 
surfaces  were  smooth  or  rough,  tinned  or  amalgamated,  in 
demonstrating  that  it  is  the  surface  of  the  métal,  and  not  its 
conductibility  proper,  that  exercises  an  influence  over  the 
intensity  of  the  light,  confirm  that  this    intensity  increases 

*  M.  Biesa  had  already  shown  that  the  effect  of  pulvérisation,  which  the  metals 
eqnally  ondergo  by  discharges,  does  not  dépend  npon  a  fusion,  but  is  the  di- 
rect resnlt  of  a  molecolar  disaggregation,  bronght  about  by  the  passage  of  the 
electricity,  which  must  necessarily,  nnder  the  same  circamstances,  vary  with 
the  tenacity. 

VOL.  II.  Y 
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when  the  metals  are  easily  transported  by  the  discharge. 
But  it  is  also  possible,  as  we  shall  shortly  see,  that  the  nature 
itself  of  the  particles  transportée^  contributes  its  part  to  the 
effect  observed. 

This  influence  of  the  nature  of  the  particles  is  especially  seo- 
sible,  when  we  study  the  spectraformed  by  the  passage  through 
a  prism  of  the  light  of  electric  sparks.     Wollaston,  and  es- 
pecially Frauenhofer,  had  already  found  that  the  spectnun 
of  the  electric  light  différa  from  that  of  other  artificial  liglris, 
and  from  solar  light,  by  the  présence  of  many  very  clear  rajs, 
of  which  one  in  particular,  which  is  situated  in  the  green, 
is  of  a  clearness  almost  brilliant  in  comparison  with  the  rest 
of  the  spectrum.     Mr.  Wheatstone  having  studied  the  pheno- 
mengn,  by  employing  différent  metals  for  électrodes,  had  re- 
marked  that  the  brilliant  ray s  differ  in  number  and  in  position, 
according  to  the  métal  employed  ;  and  that,  when  the  spaii 
occurs  between  balls  of  différent  metals,  or  made  of  diflèreot 
alloys,  the  brilliant  rays  belonging  to  each  of  the  twometak  an 
seen  simultaneously.     The  learned  English  philosopher  had 
operated  with  the  electric  light  produced  either  by  piles»  ty 
induction  machines,  or  by  ordinary  electrical  machines.   M. 
Despretz  and  M.  Foucault  hâve  recently  made  a  more  complète 
examination  of  the  spectrum  of  the  voltaic  arc.     The  former 
has  found  that  the  brilliant  rays  of  the  arc,  produced  betvreen 
two  carbon  points,  are  fixed,  and  independent  of  the  intensty 
of  the  current  ;  for  he  satisfied  himself  that,  on  passing  fr»0 
100  éléments  to  600,   arranged  either  consecutively  or  m 
parallel  séries  of  100,  a  yellow  or  blue  ray  brought  into  coïn- 
cidence with  the  wire  of  the  télescope  remains  perfectly  in 
the  same  place.       The    latter  philosopher,   M.  Foucanft 
having  observed,  in  this    same    spectrum,   a  double  là* 
situated  at  the  limit  of  yellow  and  orange,  recalling  to  mind, 
by  its  form  and  its  situation,  the  ray  D  of  the  solar  spectnun, 
wished  to  know  whether  it  corresponded  with  it,  and  fa 
this  purpose  he  caused  a  solar  image,  formed  by  a  c0ù' 
yerging  lens,  to  fall  upon  the  arc  itself,  which  enabled  hi^  to 
observe,  superposed  upon  each  other,  the  electric  and  w 
solar  spectra:   he  thus   satisfied  himself  that  the  double 
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brilliant  line  of  the  arc  dîd  coïncide  with  the  double  black 
line  of  the  solar  light.  This  ray  d  is  found  in  arcs  formed  by 
other  matters;  and  when  we  employ  as  électrodes  metals  which 
do  not  cause  it  to  appear  without  difficulty,  such  as  iron  and 
copper,  it  may  be  made  to  revive  with  great  intensity  by 
touching  them  with  potassium  or  sodium.  By  making  the 
spectra  of  différent  arcs  concur  with  that  of  solar  light,  we 
find  that  the  rays  possess  ail  the  shades,  that  are  assigned  to 
them  by  their  refrangibility  ;  but  what  is  most  striking  is, 
that  among  thèse  rays,  there  are  some  that  possess  an  ab- 
solute  intensity,  enormously  superior  to  that  of  the  corre- 
sponding  solar  ray.  Thus,  in  the  arc  of  the  silver,  a  green 
ray  is  found  of  a  dazzling  brilliancy,  a  véritable  source  of 
simple  light,  and  which  may  be  rendered  as  intense  as  may 
be  desired. 

The  philosopher,  who  studied  with  the  greatest  care  and 
in  the  most  coùiplete  manner,  the  spectra  of  electric  light, 
is  also  M.  Masson,  who  employed  for  this  study  both  the 
light  of  the  spark  produced  by  the  discharge  of  condensers, 
as  well  as  that  of  the  vol  taie  arc.  He  found  in  the  spectrum 
of  the  electric  spark,  developed  in  the  air,  ail  the  colours  of 
the  solar  spectrum  *,  and  he  found  that  the  brilliant  rays 
by  which  it  is  marked,  are  quite  of  the  samè  colour  as  the 
part  of  the  spectrum  of  the  same  refrangibility  ;  although 
sometimes,  when  they  hâve  too  much  brilliancy,  they  appear 
like  white  light  upon  a  coloured  ground.  Moreover,  by 
increasing  the  intensity  of  the  spark,  the  rays  are  rendered 
decidedly  more  brilliant  and  vivid,  but  neither  their  position 
nor.  their  number  is  changed,  as  M.  Despretz,  and  M-  Fou- 
cault had  already  remarked,  for  the  rays  of  the  spectrum  of 
the  arc.  We  are  also  able,  by  an  increase  of  intensity,  to  ex- 
tend  the  violet,  which  is  always  the  most  feeble  in  the  spectrum 
of  the  electric  light,  but  we  are  never  able  to  extend  the 
spectrum  on  the  side  of  the  red  ;  a  property  similar  to  that 
which  had  been  recognised  by  M.  Matthiessen,  in  the  spectrum 

*  He  also  proved,  as  I  had  already  done,  bat  in  a  more  complète  manner, 
that  the  light  of  the  arc  itself  never  présents  any  trace  of  polarisation. 
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of  solar  light,  to  which,  as  we  see,  both  by  thîs  example,  as 
well  as  by  that  which  précèdes,  the  electric  light  has  a  great 
resemblance. 

The  most  important  part  of  the  researches  of  M.  Masson 
is  that  which  concerna  the  modifications  that  occur  in  the 
distribution  of  the  rays,  when  the  nature  of  the  metals, 
between  which  the  spark  passes,  is  changed.  He  has  proved 
that  thèse  rays  differ  in  number  and  in  intensity  ;  but  that  there 
are,  nevertheless,  a  certain  number  of  œmmon  rays,  that  is  to 
say>  rays  that  remain  the  same  in  ail  spectra,  which  indicates 
the  measure  of  their  déviation,  which  is  every  where  similar, 
whilst  the  déviations  of  the  others  are  very  différent  The 
values  of  thèse  déviations  hâve  been  carefolly  determined  by 
M.  Masson,  for  a  very  great  number  of  rays  in  spectra 
produced  by  the  spark,  in  cases  where  the  électrodes  were 
made  of  the  following  substances  :  earbon,  cadmium,  antimony, 
bismuth,  lead,  tin,  iron,  and  copper.  Thèse  numbers  may 
some  day,  perhaps,  serve  to  establish  the  pibper  fonction  of 
the  nature  of  the  particles  in  the  production  of  the  light  ;  for 
the  présent,  they  demonstrate,  by  the  simple  fact  that  they 
differ  from  each  other,  the  existence  of  the  fonction.  We 
shall  not  refer  to  them  hère,  we  shall  content  ourselves  with 
a  few  remarks.  Carbon  (fig.  222.)  gives  in  the  violet  many 
very  brilliant,  but  very  fine  rays  ;  at  the  end  çf  the  violet, 
they  are  separated  by  intervais  absolutely  dark,  considering 
the  feebleness  of  the  light  Cadmium  (fig.  223.)  is,  of  ail 
the  metals  tried,  the  one  that  gives  the  most  beautifol  and 
the  best  defined  spectrum;  it  is  especially  remarkable  by 
very  brilliant  green  and  blue  rays.  The  spectrum  of  antimony 
(fig.  224.)  is  marked  by  a  multitude  of  very  brilliant  rays, 
much  more  numerous  than  in  the  spectrum  of  the  other 
metals.  That  of  zinc  (fig.  225.)  contains  a  very  character- 
istic  apple-green  ;  it  is  very  curious  that  it  differs  so  much 
from  that  of  cadmium.  Copper  gives  a  6pectrum  remarkable 
for  the  number  of  fine  and  brilliant  rays  of  blue  and  violet; 
those  of  tin  and  of  iron,  of  bismuth  and  of  lead,  présent 
nothing  in  particular,  except  the  extent  of  the  violet,  and  the 
number  of  very  confosed  rays  that  are  included  in  that  colour. 
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Instead  of  the  spark,  we  may  employ  as  electric  light, 
that  which  is  produced  in  the  voltaic  arc;  and  we  obtain 
with  électrodes  of  différent  natures  spectra  perfectly  similar 
to  those  given  by  the  spark  in  each  case.     If  the  pile  that  is 
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employed  is  tolerably  strong  (50  to  100  pairs  of  Bunsen's) 
magnificent  6pectra  are  obtained,  whîch  are  projected  upon 
screens,  like  the  solar  spectrum,  which  théy  rival  in  brilliancy. 
Only,  in  order  to  make  thèse  expérimente,  a  fixidity  mnst  be 
given  to  the  light  of  the  voltaic  arc,  which  it  does  not 
possess  naturally.  With  this  view,  we  employ  an  apparatns 
which,  by  means  of  the  combination  of  a  mechanical  force  and 
of  the  attraction  exercised  by  an  electro-magnet  upon  a  pièce 
of  soft  iron,  connected  with  the  System,  brings  towards  each 
other  the  points  which  are  employed  as  électrodes,  as  soon 
as  they  are  too  far  apart  for  the  arc  to  be  enabled  to  be  es- 
tablished  between  them,  without  however  allowing  them  to 
corne  into  contact,  which  would  cause  it  to  disappear. 

Many  philosophers  hâve  devised  and  constracted  ap- 
paratns fonnded  upon  this  principle:  in  the  lîst  of  thèse 
apparatus,  that  of  M.  Duboscq  appears  to  us  one  of  the  most 
satisfactory  ;  it  is  essentially  intend  ed  to  produce  the  arc 
between  two  carbon  points  ;  but  it  is  eqnally  well  adapted  to 
the  production  of  arcs  obtained  from  électrodes  of  any  nature. 

The  following  is  a brief  description  qf  it  {Fig.  226.)  The 
two  carbons,  between  which  the  light  is  developed,  burn  in 
contact  with  the  air,  and  shorten  at  each  instant  ;  a  mecha- 
nism  is  consequently  necessary,  which  brings  them  near  to 
each  other,  proportionally  to  the  progress  of  the  combustion  ; 
and,  since  the  positive  carbon  suffers  a  more  rapid  consomp- 
tion than  the  négative,  it  must  travel  more  rapidly  in  face  of 
this  latter;  and  this  in  a  relation,  which  varies  with  the 
thickness  and  the  nature  of  the  carbon.  The  mechanism 
must  satisfy  ail  thèse  exigencies.  The  two  carbons  are 
unceasingly  solicited  towards  each  other  ;  the  lower  carbon  by 
a  spiral  epring,  that  causes  it  to  rise,  and  the  upper  carbon  by 
its  weight,  which  causes  it  to  descend.  The  same  axis  is 
common  to  them. 

The  galvanic  current  is  produced  by  a  Bunsen's  pile,  of 
from  40  to  50  éléments  ;  it  arrives  at  the  two  carbons,  as  in 
apparatus  already  known,  passing  through  a  hollow  electro- 
magnet,  concealed  in  the  column  of  the  instrument.  When 
the   two  carbons  are  in  contact,  the  circuit  is  closed,  the 
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Fig.  226. 

electro-magnet  attracts  a  soft  iron,  placed  at  the  extremitj  of 
a  lever,  which  is  in  gear  with  an  endless  screw.     An  antago- 
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nist  spring  tends  always  to  unwind  the  screw,  as  soon  as  a 
séparation  is  produced  between  the  two  carbons  ;  if  it  îs  a 
little  considérable,  the  carrent  no  longer  passes,  the  action  of 
the  spring  again  becomes  prédominant,  the  screw  is  unwound 
and  the  carbons  approach  each  other,  until  the  carrent,  again 
commencing  to  pass  between  the  two  carbons,  the  motion  that 
drew  them  toward  each  other,  is  relaxed  in  proportion  to  the 
return  of  the  prédominance  of  the  electricity  over  the  spring; 
the  combustion  of  the  carbons,  again  increases  their  distance, 
and  with  it  the  superior  action  of  the  spring:  hence  follows 
again  the  prédominance  of  the  spring,  and  so  on.     Thèse  are 
alternatives  of  action  and  reaction,  in  which  at  one  time 
the  spring,  at  another  time  the  electricity,  has  the  prédo- 
minance.    On  an  axis,  common  to  the  two  carbons,  are  two 
pallies  ;  one,  the  diameter  of  which  may  be  varied  at  pleasure, 
commonicates  by  a  cord  with  the  rod  that  carries  the  lower 
carbon,  which  corresponds  with  the  positive  pôle  of  the  pile; 
the  other,  of  invariable  diameter,  is  in  connection  with  the 
npper    or  négative  carbon.     The  diameter  of  the  pulley, 
capable  of  varying  proportionately  to  the  using  of  the  carbon, 
with  which  it  is  in  communication,  may  be  increased  from 
3  to  5.     The  object  of  this  arrangement  is  to  préserve  the 
luminous  point  at  a  convenient  level,  whatever  may  be  the 
thickness  or  the  nature  of  the  carbons.     It  is  only  necessary 
to  know  that  at  each  change  of  kind  or  volume  of  the  carbon, 
the  diameter  of  the  pulley  must  be  made  to  vary.     This 
variation  results  from  that  of  amovable  drum,  communicating 
with  six  levers,  articulated  near  the  centre  of  the  sphère  ;  the 
movable  extremity  of  the  six  arms  of  the  lever  carries  a  small 
pin,  which  slides  in  cylindrical  slits.     Thèse  slits  are  oblique 
in  respect  of  the  sphère  ;  they  form  inclined  planes.     A  spiral 
spring  always  resta  upon  the  extremity  of  the  levers  ;  so  that, 
if  the  inclined  planes  are  turned  towards  the  right,  the  six 
levers  bend  towards  the  centre,  and  diminish  the  diameter* 
If,  on  the  contrary,  they  are  turned  towards  the  left,  the 
diameter  increases,  and  with  it  the  velocity  of  the  translation 
of  the  carbon,  which  communicates  with  the  pulley  (vide  p', 
p",  and  T2f",jig.  226.).    We  may  notice,  in  passing,  that  this 
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apparatus  is  marvellously  adapted  to  tbe  production  of  ail  the 
experiments  of  optics,  even  the  most  délicate  ;  and  that,  in  this 
respect,  it  advantageously  supplies  the  place  of  solar  light. 
We  shall  moreover  hâve  occasion  to  speak  of  it  again,  when 
we  are  occupied  with  the  applications  of  electricity,  and  in 
particular  of  illumination. 

In  the  experiments  made  with  the  voltaic  arc,  the  spectrum 
présents  no  brilliant  ray,  when  the  light  émanâtes  from  the 
solid  part  of  the  carbon  in  incandescence.  This  resuit 
is  in  accordance  with  what  is  obtained,  upon  heating  to 
redness  a  platinum  wire,  the  spectrum  of  which,  in  like 
manner,  présents  no  brilliant  ray.*  Neither  do  we  notice  any 
in  the  spectra  arising  from  the  light  of  a  voltaic  arc,  produced 
between  two  charcoal  points,  plunged  either  in  pure  water,  or 
in  essence  of  turpentine,  or  in  alcohol  ;  but  if  we  take  for 
électrodes  in  alcohol,  balls  of  brass,  instead  of  carbon  points, 
the  spectrum  présents  magnificent  brilliant  ray  s;  we  then 
remark  that  the  métal  has  been  melted,  since  the  third  part 
of  the  balls  has  disappeared,  and  the  liquid  has  become  filled 
with  a  black  matter,  which  is  probably  very  finely  divided 
oxide  of  the  métal  ;  whilst,  when  the  électrodes  are  of  car- 
bon, the  liquid  retains  its  transparency,  which  proves  that 
there  has  been  no  transport  of  particles  ;  whence  it  follows 
that  there  were  no  rays.  This  absence  of  transport  is  very 
sensible  in  alcohol,  in  which  the  same  luminous  intensity  may 
be  obtained  for  a  long  time,  by  preserving  the  same  distance 
to  the  carbons.  We  may  add  that  the  spectrum  of  the  light, 
arising  from  the  electric  sparks  produced  in  liquida,  in  like 
manner  présents  no  brilliant  rays  ;  perhaps,  with  more  power- 
ful  discharges,  which  might  produce  a  transport  of  the 
matter  of  the  électrodes,  some  might  be  obtained. 

It  would  be  very  interesting  to  study  the  influence  exer- 
cised  over  the  spectrum  of  the  light  of  the  electric  spark 
by  a  change  in  the  nature  or  in  the  density  of  the  gaseous 
médium,  in  which  it  is  produced, — an  influence  which,  as  we 

•  This  absence  of  rays  in  this  case,  proved  by  M.  Masson,  resolted  already 
implicitly  from  Mr.Draper's  very  interesting  researches  nponthelnminonsand 
calorific  intenaities  of  a  platinum  wire  heated  progressiYely  by  the  curent. 
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have  seen,  is  so  great  over  the  form  and  the  colour  of  this 
spark.  M.  Masson,  wlio  has  also  made  some  expérimenta 
upon  this  particular  point,  has  found  that  the  raréfaction 
of  the  air  diminishes  the  intensity  of  the  colours,  so  as 
almost  to  make  them  disappear;  but  that  it,  in  no  way, 
changes,  either  their  number,  or  the  position  of  the  brilliant 
rays,  which  appear  more  feeble,  it  is  true,  npon  a  gronnd 
absolntely  dark. 

In  hydrogen,  the  spectrnm  of  the  spark  présents  the  same 
appearances  as  in  rarefied  air.  The  colours  of  the  spectrnm 
are  not  distinguishable  ;  and,  npon  a  dark  ground,  are  per- 
ceived  very  feeble  brilliant  rays,  We  know  that  the  spark 
itself  in  hydrogen  possesses  a  very  feeble  reddish  purple 
light,  absolutely  similar  to  that  which  is  obtained  in  rarefied 
air.  However,  if  we  désire  to  obtain  the  spark  in  hydrogen, 
we  require,  for  the  same  explosive  distance,  the  same 
quantity  of  electricity  as  in  air  under  the  same  pressure  ; 
and  the  discharge  has  the  same  intensity  in  both  cases. 
The  différence  in  the  two  lights,  which  causes  that  of  hydro- 
gen to  become  similar  to  that  of  rarefied  air,  can  therefore 
be  only  due  to  the  molécules  of  hydrogen  giving  a  less  vivid 
light  than  those  of  air  under  the  action  of  the  same  dis- 
charge; and  to  the  particles  detached  from  the  électrode 
suffering  a  less  powerful  incandescence  in  the  former  gas  than 
in  the  latter.* 

The  detailed  study  that  we  have  been  making  of  the 
electric  light,  confirma  ail  that  we  have  said  on  the  mode  of 
the  propagation  of  electricity,  in  stating  that  it  could  only 
occur  by  the  intervention  of  pondérable  matter.  Masson 
indeed  satisfied  himself  that  the  barometric  vacuum  cannot 
conduct  a  current  or  a  discharge,  unless  the  tension  of  the 
electricity  is  considérable,  namely,  is  sufficient  to  detach 
some  minutely  divided  particles  from  the  électrodes.  With 
regard  to  the  light,  it  is  produced  by  a  current  or  a 
discharge  which,  propagating  itself  by  the  intervention 
of  pondérable  matter,  heats  it  in  the  same  manner  and 

*  There  are  evidently  particles  detached  in  hydrogen,  as  in  rarefied  air,  since 
the  spectrum  présents  rays  as  well  in  the  one  as  in  the  other. 


Digitized  by 


Google 


CHAP.  n.        BFFECT8  OF   DYNAMIC   ELECTBICITY.  331 

accordîng  to  the  same  laws  as  a  voltaic  current  heats  wires 
and  renders  them  luminous.  The  state  of  bodies  (solid, 
liquid,  or  gaseous)  in  no  way  modifies,  the  gênerai  laws 
of  electro-dynamic  action  :  Savary  had  already  demonstrated 
this,  in  obtaining  exactly  the  same  degree  of  magnétisation 
for  steel  needles,  placed  some  above  a  tube,  in  which  Boyle's 
vacuum  had  been  made,  others  above  a  métal  conductor 
of  the  same  diameter  as  the  tube,  each  forming  part  of  the 
same  circuit  traversed  by  a  discharge. 

With  regard  to  the  light  itself,  it  always  possesses  the 
same  properties,  whatever  be  the  means  employed  for  pro- 
ducing  it;  and  ail  the  phenomena,  that  we  hâve  been 
studying,  confirm  us  in  the  opinion  that  it  really  arises  from 
the  incandescence  of  the  particles  of  the  médium,  which  is 
traversed  by  the  discharge  or  the  electric  current,  and  from 
that  of  the  particles,  which  are  detached  from  the  électrodes, 
the  présence  of  which  détermines  the  rays  of  the  spectrum, 
that  vary  with  their  nature.  It  would  be  interesting  to 
study  with  care  the  heat,  that  accompanies  this  light,  in 
the  varions  cases,  in  which  it  is  produced.  We  hâve  seen 
that,  in  the  case  of  the  voltaic  arc,  wherein  the  transport 
of  incandescent  particles  is  considérable  and  continuons,  the 
température  is  very  elevatecL  But,  when  the  spark  is 
in  question,  E.  Becquerel  has  demonstrated  that  the  radiant 
heat  is  null  or  very  feeble,  which  is  for  the  most  part  due 
to  its  shortness  of  duration  ;  for  we  know  that  it  has  never- 
theless  a  calorific  power  sufficiently  great  to  détermine  the  corn- 
bination  of  the  gases, — hydrogen  and  oxygen,  for  example — 
when  it  is  transmitted  between  two  platinum  points  in  a 
endiometer,  filled  with  a  detonating  mixture.  But,  even  in 
this  casé,  it  is  necessary  that  the  discharge  be  sufficiently 
powerful  to  detach  and  to  carry  along  particles  from  the 
métal  points  between  which  it  takes  place,  as  is  indicated 
by  the  vivid  and  white  light  of  the  spark,  and  as  is  proved 
by  the  condition  of  the  points,  when  they  hâve  been  for  some 
time  employed  in  the  expérimenta.  Otherwise,  the  simple 
lights,  that  resuit  from  the  mère  incandescence  of  the  gaseous 
médium  do  not  liberate  any  sensible  radiant  heat,  although, 
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with  very  délicate  apparatus,  we  ought  necessarily  to  detect 
a  little. 

The  electric  light  enjoys  one  other  remarkable  property, 
namely,  that  of  exciting  phosphorescence  in  bodies  that  are 
susceptible  of  it.  This  property  is  indépendant  of  that  pos- 
sessed  by  the  discharge  of  producing  the  same  effect  Indeed, 
if  we  introdnce  fragments  of  calcined  oyster-shells  into  small 
glass  tubes,  hermetically  sealed,  and  themselves  placed  in 
other  larger  tubes,  and  pass  a  great  number  of  electric  dis- 
charges over  the  exterior  surface  of  thèse  tubes,  the  fragments 
become  phosphorescent  on  their  being  heated  ;  the  light  of 
the  voltaic  arc  produces  the  same  phenomenon,  but  in  a  less 
degree.  Its  effect  is  due  to  the  electric  light,  and  not  to  the 
direct  influence  of  the  electricîty;  since  on  enclosing  the 
same  phosphoric  substance  within  tubes  of  red,  yellow  and 
deep  blue  glass,  Seebeck  has  remarked  that  at  the  moment 
when  the  three  tubes  are  exposed  to  the  light  of  the  discharge, 
it  is  only  the  substance  in  the  blue  tube  that  becomes 
luminous  ;  which  proves  that  the  blue  glass  is  the  one  that 
allows  those  of  the  phosphogenic  rays  of  electric  light  to  pass, 
as  it  allows  those  of  solar  light  to  pass.  MM*  Becquerel  and 
Biot  hâve  made  a  very  great  number  of  expérimenta,  in  order 
to  study  the  influence  of  différent  screens  over  the  transmission 
of  radiation,  arising  from  the  spark  that  produces  phospho- 
rescence, and  they  hâve  found  that  it  was  very  distinct  from 
luminous  radiation.  It  is  the  same  with  the  phosphorescence 
produced  by  solar  rays  ;  and  of  thèse,  the  rays  that  produce 
it  are  the  most  refrangible  of  the  spectrum,  whilst  the  others, 
such  as  the  red  rays,  not  only  do  not  produce,  but  they  even 
destroy  it.  The  phosphogenic  rays  of  solar  light,  and  those  of 
electric  light,  are  therefore  very  nearly  the  same,  and  probably 
also  the  same  as  the  chemical  rays.  The  phosphogenic  pro- 
perty of  electric  light  is  therefore  entirely  connected  with  its 
chemical  property,  which  we  hâve  already  proved;  and  we 
must  in  no  way  confound  it  with  the  property  possessed  by 
electricity  when  acting  directly  upon  bodies,  of  rendering  them 
phosphorescent,  or  of  disturbing  their  chemical  state. 
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Moreover,  the  light  of  phosphorescent  bodies  has  so  great 
a  relation,  in  its  différent  tints  and  in  its  intensity,  to  the  light 
which  is  in  certain  cases  developed  by  electricity,  that  it  is 
very  difficult  not  to  impute  to  it  an  identity  of  origin.  Phos- 
phorescence is  therefore  very  probably  a  light  resulting  from 
small  electric  discharges,  which  are  brooght  abont  throogh 
the  air  adhering  to  the  surface  of  bodies,  that  are  endowed 
with  this  property  ;  and  what  renders  this  hypothesis  more 
probable  is  that,  besides  the  similitude  of  appearance,  we  ob- 
serve that  ail  the  means  and  ail  the  circumstances  that  produce 
and  favour  the  development  of  phosphorescence,  are  the  same 
that  produce  and  favour  the  libération  of  electricity,  as  we 
shall  hâve  occasion  to  see,  when  we  shall  be  studying  the 
sources  of  electricity  ;  and  it  is  especially  that  the  process 
most  suited  for  rendering  bodies  phosphorescent,  is  to  let  them 
be  traversed  by  an  electric  discharge  ;  and  consequently  to 
impart  to  them  directly  that  electricity,  which  the  other  pro- 
cesses develope  in  them  only  indirectly. 

To  sum  up,  we  may  conclude  from  ail  the  facts  that  we 
hâve  explained  in  this  Chapter, —  lst.  That  the  production 
of  electric  heat  and  light  cannot  take  place  without  the  es- 
tablishment of  a  closed  circuit,  ail  the  parts  of  which  ex- 
ercise the  same  exterior  electro-dynamic  action,  conformably 
with  Ohm's  laws  ;  — 2nd,  that  this  production  takes  place  in 
the  points  of  the  circuit,  where  the  electricity  in  motion 
(whether  discharge  or  current)  expériences  the  greatest  ré- 
sistance ;  — 3rd,  that  the  parts  of  the  conductors,  which  limit 
the  portions  of  the  circuit,  where  the  résistance  is  greatest, 
and  where  consequently  the, heat  and  light  arise,  undergo 
calorific,  luminous,  and  molecular  modifications,  which  dépend 
at  the  same  time  upon  their  proper  nature,  and  upon  that  of 
the  electricity,  (positive  or  négative,)  of  which  they  are  the 
électrodes  :  —  4th,  that  thèse  modifications  seem  to  indicate 
that  the  movement  of  rotation  of  the  particles,  whose  accélé- 
ration, produced  by  the  transmission  of  electricity,  is  the  pro- 
bable cause  of  electric  light  and  heat,  is  influenced  either  by 
the  nature  itself  of  the  substances,  or  by  the  direction  of 
the  discharge  or  of  the  current  ;  which  détermine,  in  the 
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case  of  the  spark  and  of  the  arc,  a  movement  of  transmission 
over  and  above  that  of  rotation.* 

*  List  of  the  principal  works  relatmg  ta  the  subjects  trtated  npon  in  dus 
Ckapter. 


Cuthberson. — Incandescence  of  wires  by  the  discharge  BibL  Brit.  t 
p.  111. 

Van  Marum.— Idem.     Bibl.  Brit.  t.  lvi.  p.  210. 

Fourcroy. —  VauqueUn  and  Thénard.  Incandescence  by  the  pile.  Ann.  de 
Chim.  t  xxix.  p.  103. 

Children.— Calorific  effects  of  a  powerful  pile.  Bibl.  Univ.  (1816)  t  i 
p.  109. 

Davy.— Calorific  effecta  of  the  pile.  BibL  Brit  t  xx.  p.  818.;  t.  xxxiv.  p. 
397.,  and  t  xxxv.  p.  170.  Voltaic  arc  BibL  Brit  t  liii  p.  225.  PhiL 
Tram,  of  1821  (Part  IL),  p.  425.  Sparks  in  Tacao.  Ann,  de  Chim.  et  de  Php. 
(1822)  t.  xx.  p.  168. 

De  la  Rive. — Heat  in  liquida.  Arch.  de  VElect  t  ii  p.  501.,  and  t  ni  p. 
175.  Heating  power  of  the  durent.  Ann.  de  Chim.  et  de  Paye.  t  xL  p.  37  U 
and  t  lii.  p.  147.  Voltaic  arc.  Arch.  de  VElect  tip.  262.,  and  Arch,  des 
Se  Phys.  t.  iv.  p.  345. 

Riess. — Electric  thermometer  ;  Laws  of  heating.  BibL  Univ.  (1839)  t 
xxii  p.  367.;  Ann.  de  Chim.  et  de  Phys.  t.  lix.  p.  118.,  and  t  lxxiv.  p.  158. 
Arch.  de  VElect.  t  i  p.  555.  Arch.  des  Se.  Phys.  t  L  p.  196.,  and  t.  xvii  p.  48. 
Ann,  der  Physik  pass.  and  Traité  de  VElect  par  frottement 

Harris. — Heating  of  wires  by  the  discharge.    Phi/.  Trans.  (1834.) 

Joule. — Laws  of  heating  by  enrrents.  Arch.  de  VEUct.  t  ii  p.  54.  and  t  iv. 
p.  483. 

E.  Becquerel.— Idem.  Ann.  de  Chim.  et  de  Phys.  (N.  S.)  t.  ix.  p.  21. 
Phosphorescence  and  radiation  of  the  spark  BibL  Univ.  t  xx.  p.  344. 
and  394. 

Lenz.— Idem.  Ann.  der  Physik  t  lix.  p.  203.  and  467.,  and  t  IL  p.  18. 
Cold  by  the  carrent    BibL  Univ.  (N.  &)  L  xvii  p.  387. 

Peltier. — Heat  and  cold  produced  by  the  carrent.  Ann.  de  Chim.  et  de 
Phys.  t  lxvL  p.  371. 

Robinson. — Influence  of  the  médium  npon  the  heating.  Trans.  of  the  Lrish 
Academy,  vol.  xxiL  (Part  L)  p.  8. 

Grave.— Idem.  Arch.  des  Se.  Phys.  t.  ix.  p.  140.  and  t  xii.  p.  165.  In- 
candescence and  déflagration.  BibL  Univ.  (1839)  t.  v.  p.  18.  and  122.;  txxv. 
p.  426.  and  t,  xxix.  p.  387. 

Clausius. — Idem.    Arch.  des  Se  Phys.  t  xxii  p.  269. 

Favre.— Heat  liberated  in  the  pile.  Ann.  de  Chim.  et  de  Phys.  (N.  S.)  t  xL 
p.  393. 

Faraday. Light  and  appearance  of  the  spark.    PhiL  Trans.    Collection  of 

Memoirs,  and  BibL  Univ.  t.  xvii  p.  178. 

Quet Stratification  of  the  induction  spark.     Comptes  rendus  de  r  Académie 

des  Se.  t.  xxxv.  p.  949.    Influence  of  the  magnet  npon  the  voltaic  arc    Idem. 

Ntef. Electric  light  and  heat.     Arch.  des  Se.  Phys.  tip.  30.,  and  t  iii 

p.  391. 

MarianinL — Sparks  in  liquida.    BibL  Univ.  (1843),  t  xlvii  p.  253. 

SiUimann. — Voltaic  arc    Ann.  de  Chim.  et  de  Phys.  t  xxiv.  p.  216. 

Despretz. — Voltaic  arc  Comptes  rendus  de  VAcad.  des  Set  t  xxx.  p.  367., 
and  t  xxxi.  p.  418.  Formation  of  the  diamond.  Compte  rendu  de  VAcad. 
des  Se.  t  xxxvii.  (5th  and  19th  Sept  1853.) 

Van  Breda.— Voltaic  arc  C.  R.  de  VAcad.  des  Se.  t  xxviii  p.  426.,  and 
Arch.  des  Se.  Phys.  t  iii  p.  32. 

Matteucci.— Idem.  Arch.  des  Se.  Phys.  t  xii.  p.  5.,  t  xiii  p.  223.,  and  t 
xvii  p.  205.,  and  Ann.  de  Chim.  et  de  Phys.  (N.  S.)  t  xxxvii  p.  44. 
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DanieH— Idem.    Arch.  de  TElectr.  t  i  p.  492. 

Gassiot. — Heating  of  the  positive  wire.     Bibi.  Univ.  t  xviii.  p.  369. 

Fizeau  and  Foucault — Electric  light.    Arch.  de  VEkctr.  t  îy.  p.  311. 

Foucault. —  Idem.     Arch.  des  Se.  Phys.  %.  xj>.  222. 

Masson. — Electric  photometry.  Ann.  de  Chim.  et  de  Phys.  (N.  S.)  t  ziy. 
p.  129.  t  xxx.  p.  5.,  and  t  xxxi.  p.  295. 

Wheatstone. — Bars  of  the  electric  spectrnm.  Traité  de  Phys.  de  Becquerel, 
t.  ii  p.  127, 

Duboscq. — Electric  regnlator.  Comptes  rendus  de  VAcatL  de  Se.  U  xxxi. 
p.  807. 

Becquerel — Electric  heat  and  light  ;  phosphorescence.  Traité  de  T  Electricité 
and  Traité  de  Physique. 

Draper. — Light  of  an  incandescent  platinnm  wire.  Phil  May.  vol.  xxx.  p. 
345.  (1847> 

Viard. — Heat  in  wires  by  the  enrrent.  C.  B.  de  VAcatL  des  Se.  t.  xxxix. 
p.  904.» 

*  M.  Viard  has  rerîfled  dlrectly  by  expertment  the  explanatlon  ghren  by  Clausius  of  the 
offert  of  the  amblent  médium  upon  the  heat  developed  by  the  current  in  wires.  He  haa 
shown,  by  the  introduction  of  a  rhéostat  into  the  circuit,  that  the  beat  developed  is  always  pro- 
porUonal  to  the  real  résistance  that  exitts,  at  the  moment  of  the  pauage  of  the  current.  as  Mr. 
Bobinson  had  already  proved  (p.S42.)  ;  so  that  the  présence  of  a  (eu  cooling  gai,  by  increasing 
the  résistance  of  the  wire  that  it  surrounds,  causes  the  current  to  develope  in  it  more  beat. 
But  if,  upon  shortenlng  the  wire  of  the  rhéostat,  the  résistance  is  rendered  equal  to  what  it  was 
wben  the  wire  was  surrounded  with  the  more  cooling  gai,  tben  the  quantity  of  heat  liberated 
bj  the  current,  is  the  same  at  it  was  in  thU  latter  case. 
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CHAR   III. 
CHEMICAL   EFFECT8  OF   DYNAMIC   ELECTRICITY. 

Décompositions  brought  about  by  the  VoUaic  CurrenL 

Nicholson  and  Carlisle,  a  short  time  after  Volta  had  con- 
structed  his  pile,  succeeded  in  decomposing  water,  by 
plunging  into  it  two  wires,  of  which  one  was  in  communication 
with  the  positive  pôle,  and  the  other  with  the  négative  pôle. 
The  two  wires  were  of  brass  ;  the  one  that  was  in  communi- 
cation with  the  -fpole  gave  off  no  gas,  but  underwent 
oxidation,  whilst  the  one  that  was  in  communication  with 
the  —  pôle  liberated  hydrogen.  The  production  of  the  gas 
was  the  more  abundant,  in  proportion  as  the  two  wires  were 
nearer  together.  Thèse  observers  remarked  besides,  that 
the  décomposition  of  water  not  only  takes  place  between  the 
two  pôles  of  the  pile,  but  also  between  the  metals  of  two 
consécutive  pairs,  separated  by  the  humid  conductor. 
Finally,  they  succeeded  as  easily  in  obtaining  oxygen  as 
hydrogen,  by  substituting  platinum  wires  for  the  copper 
wires,  that  established  communication  between  the  water 
and  the  pôles  of  the  pile.  The  two  gases  may  be  collected 
separately,  if  the  précaution  be  taken  of  placing  over  each 
wire  a  tube  filled  with  water,  at  the  top  of  which  the  gas 
that  is  liberated,  naturally  arranges  itself  ;  it  is  necessary 
that  the  two  tubes  should  not  touch  the  bottora  of  the  vessel, 
in  order  that  the  two  wires  may  really  be  plunged  into  the 
same  water.* 

Craikshanks  was  the  first  who  obtained  an  effect  by 
plunging  into  separate  vessels  each  of  the  pôles  of  the  pile, 
which  were  silver  wires,  and  uniting  at  the  same  time  the 

*  See  Vol.  I.  p.  81.  Jfc.  18. 
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two  vessels  by  another  silver  wire  ;  he  perceived  hydrogen 
to  be  liberated  firom  the  wire,  that  was  in  communication 
with  the  —  pôle  of  the  pile,  whilst  the  end  of  the  wire,  that 
was  plunged  in  the  same  vessel,  was  attacked.     The  other 
end  of  this  same  wire,  which  was  plunged  into  the  second 
vessel,  liberated  hydrogen  ;  and  finally,  the  wire,  that  was 
in  communication  with  the  +  pôle,  was  attacked.    The  same 
philosopher,  having  plunged  two  silver  wires  into  a  diluted 
solution  of  nitrate  of  silver  in  ammonia,  obtained  at  the 
négative  wire,  first  an  abundant  production  of  gas,  then 
filaments,  which  were  recognised  as  being  metallic  silver. 
The   silver   wire,   that  was   in   communication    with  the 
positive  pôle,  gave  forth   little  or  no  gas,  seeing  that  it 
was  attacked.     With  copper  wires,  plunging  in  an  ammo- 
niacal solution  of  copper,  Cruikshanks  obtained  metallic 
copper  around  the  négative  wire  :  the  liquid  lost  its  colour 
and  became  similar  to  distilled  water,  the  copper  having 
been  ail  precipitated. 

Witliout  dwelling  upon  other  of  Cruikshanks's  expérimenta, 
of  the  same  kind,  nor  upon  that  of  Henry  on  the  décompo- 
sition of  ammonia,  we  will  add  that  Davy  obtained  similar 
résulte,  but  upon  a  greater  scale,  with  a  pile  of  110  pairs, 
which  enabled  him  to  prove  that  if,  instead  of  Connecting 
by  a  wire  the  vessels  full  of  water,  into  which  are  plunged 
two  gold  wires,  that  communicate  respectively  with  the  pôles 
of  the  pile,  communication  is  established  by  a  pièce  of  fresh 
muscle  or  by  a  vegetable  fibre,  the  gases  are  liberated  at 
the  end  of  the  polar  wires,  hydrogen  at  the  négative  wire,  and 
oxygen  at  the  positive.     It  is  the  same  if  the  communication 
between  the  vessels  is  established  by  the  intervention  of  the 
human  body,  which  can  easily  be  done  by  plunging  into  them 
a  finger  of  each  hand.     There  is  no  gaseous  libération  at  the 
extreraities  of  the  fibre  or  of  the  fingers,  that  are  immersed 
in  the  water  of  the  respective  vessels,  as  there  is  when  it  is 
a  wire  by  which  they  are  connected.     Davy  further  re- 
marked,  that  if,  by  means  of  muscular  fibres,  the  respective 
pôles  of  the  pile  are  made  to  communicate  with  a  vessel 
filled  with  water,  and  the  two  vessels  are  connected  together 
VOL.  II.  z 

Digitized  by  VjOOQ  IC 


338  TRANSMISSION  OF  ELECTRIC  ITT.  part  rr. 

by  a  feilver  wire,  a  libération  of  hydrogen  is  obtained  at  the 
extremity  of  the  wire,  that  is  plunged  into  the  positive  vessel, 
and  an  oxidation  at  the  extremity,  that  is  plunged  into  the 
négative  vessel. 

In  ail  thèse  expérimenta,  the  gases  oxygen  and  hydrogen 
are  not  always  quite  pare  ;  but  they  are  more  or  less  mixed 
with  the  nitrogen  that  arises  from  the  atmospheric  air  dis- 
sol  ved  in  the  water  ;  however,  by  taking  many  précautions, 
and  employing  only  wires  that  are  not  susceptible  of  oxidation, 
such  as  gold  wires,  Davy  found  that  the  gases  oxygen  and 
hydrogen  were  truly  liberated  in  the  proportion  that  con- 
stitutes  water. 

Many  philosophers  had  thought  they  perceived  the  forma- 
tion of  new  bodies  ;  and  in  particular  that  of  a  peculiar  acid 
in  the  action  of  the  pile  upon  certain  liquids;  but  Davy, 
taking  up  anew  the  entire  subject,  succeeded,  after  a  séries 
of  laborious  researches,  in  establishiug,  upon  perfectly  sonnd 
bases,  the  true  chemical  power  of  voltaic  electricity.  He 
was  desirous,  above  ail,  to  prove  that,  in  electro-chemical  de- 
compositions,  there  were  never  any  other  éléments  liberated 
at  each  of  the  pôles,  than  those  contained  in  the  bodies,  sub- 
mitted  to  the  action  of  the  voltaic  electricity.  Upon  operating 
with  vessels  of  various  substances,  agate,  wax,  Carrara 
marble  and  glass,  he  clearly  found  alkalies  at  the  négative 
and  acids  at  the  positive  pôle  ;  but  he  satisfied  himself  that 
thèse  acids  and  alkalies  were  derived  from  the  substances 
themselves  of  the  vessels,  which  the  water  was  enabled  to 
dissolve,  especially  under  the  influence  of  electricity.  It 
might  even  be  seen,  when  much  soda  had  been  obtained  in 
a  vessel  of  glass,  that  the  latter  had  been  strongly  attacked, 
at  its  point  of  contact  with  the  wire.  Having  yet  observed 
traces  of  acid  and  of  alkali  with  gold  vessels,  Davy  satisfied 
himself  that  thèse  éléments  were  derived  from  a  small 
quantity  of  sait,  remaining  in  solution  even  in  distilled 
water;  and  having  succeeded  in  perfectly  depriving  this 
water  of  it,  there  was  no  longer  any  trace  of  acid  or  of  alkali  ; 
except  in  some  cases,  where  there  was  a  little  ammonia  at 
the  négative  pôle  and  nitric  acid  at  the  positive,  the  formation 
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of  which  was  evidently  due  to  the  combination  of  hydrogen 
and  oxygen,  in  the  nascent  state,  with  the  nitrogen,  dissolved 
in  the  water.  Indeed,  on  placing  the  water,  submitted  to 
décomposition,  in  vacuo,  and  still  better  in  hydrogen,  there 
was  no  longer  at  the  two  pôles  anything  besides  perfectly 
pure  oxygen  and  hydrogen. 

Thus  it  is  well  established  that  dynamic  electricity,  acting 
upon  bodies  susceptible  of  being  decomposed,  produces  no. 
new  éléments,  but  that  it  libérâtes  them  from  the  substances 
exposed  to  its  action,  at  the  same  time  that  it  facilitâtes,  by 
their  libération  in  the  nascent  state,  their  combination  with 
other  éléments  présent.  It  is  very  remarkable  that,  under 
the  action  of  a  powerful  electricity,  substances,  apparently 
the  most  insoluble,  may  be  decomposed  ;  this  is  proved  by  a 
great  number  of  Davy's  experiments  upon  glass,  upon 
marble,  upon  the  sulphates  of  strontian  and  baryta,  employed 
as  vessels  filled  with  water. 

Dynamic  electricity  not  only  libérâtes  the  éléments  by 
separating  them,  but  it  transports  them, — a  characteristic 
that  appertains  to  this  mode  of  décomposition  alone.  This 
has  been  long  since  established  by  Berzelius  and  Hizinger. 
By  operating  with  wires  of  différent  metals,  and  upon  so- 
lutions of  varions  natures,  either  separated  or  mixed,  some~ 
times  différent,  at  other  times  similar,  at  the  respective  pôles, 
they  succeeded  in  satisfactorily  proving  tliis  power  of  trans- 
port, which  accompanies  the  decomposing  power  of  the 
voltaic  pile.  In  order  to  place  the  différent  liquids  in 
contact  with  the  respective  polar  wires,  they  employed  a 
syphon,  the  branches  of  which,  closed  by  corks  fitted  into 
their  extremities,  and  traversed  by  the  wires,  were  filled  to 
about  two  thirds  of  their  height,  one  by  a  liquid,  such  as 
sulphate  of  potash,  the  other  by  another  liquid,  such  as 
muriate  of  ammonia.  The  upper  part  of  the  syphon  con- 
tained  distilled  water,  in  order  to  put  the  two  liquids  into 
communication;  it  was  pierced  at  its  summit  by  several 
holes,  intended  to  allow  the  gases  to  pass  ont.  They  had 
concluded  from  ail  their  expérimente  that,  when  electricity 
traverses  a.  liquid,  the  principles  that  it  contains  are  se- 
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parated;  that  oxygen  and  acîds  are  transported  to  the 
positive  pôle,  hydrogen,  the  alkalies,  the  earths,  and  bases 
in  gênerai,  to  the  négative  ;  and  this,  as  well  when  the  saline 
solutions,  into  which  the  wires  that  corne  from  the  respective 
pôles  are  plunged,  are  heterogeneous,  as  when  they  are 
similar.  The  nnmerons  results  to  which  they  had  arrived» 
had  also  demonstrated  to  them  the  influence  over  the  energy 
of  the  décomposition,  of  the  estent  of  contact  of  the  polar 
wires  with  the  liquid  ;  and  the  part  that  is  played  in  the 
production  of  the  effects  observed,  by  the  affinity  of  the 
éléments  of  thèse  liquids  for  the  substance  of  the  wires,  as 
well  as  their  reciprocal  afBnity,  when  several  différent  liquids 
are  submitted  at  the  same  time  to  the  decomposing  action. 

But  it  is  Davy,  who,  by  the  accuracy  and  the  number  of 
his  experiments,  has  completely  analysed  this  property  of 
transport,  possessed  by  dynamic  electricity,  and  which  must 
not  be  confounded  with  that,  which  we  hâve  already  described 
in  the  preceding  Chapter  ;  for  it  is  manifested  only  with  de- 
composition*  In  order  to  study  this  phenomenon  well,  it  is  ne- 
cessary  to  make  use  of  cups  or  tubes  of  glass,  in  which  are 
placed  the  liquids  that  are  required  to  be  traversed  by  the 
current  ;  into  each  of  thèse  cups,  when  there  are  two  (fig.  227.), 
or  into  the  extrême  cups,  when  there  are  more  than  two 
(fig.  228.),  are  plunged  the  platinum  wires  or  plates,  that 
communicate,  one  with  the  +  pôle  the  other  with  die— pôle  of 


Fig.  227.  Fig.  22S. 

the  pile  ;  then  the  liquids  of  the  cups  are  connected  one  with 
the  other  by  means  of  hanks  of  cotton  or  asbestos,  well  satu- 
rated  with  water  (Jig.  229.),  or  by  tubes  in  the  form  of  a 
syphon,  filled  with  very  pure  water  {fig.  227 ,  228.).  When  we 
désire  to  collect  the  gases  that  are  liberated,  each  of  the  polar 
wires  is  surrounded  by  a  tube,  closed  above  and.  open  talow, 
which  is  filled  with  the   same  liquid,  as  that  contained  in 
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the  vessel  into  which  it  is  plunged  ;  and  the  two  vessels  are 
connected  {fig.  230.).    If,  when  making  use  of  two  cups, 


Fig.  229.  Fig.  230. 

distilled  water  is  placed  in  one,  and  a  saline  solution  in  the 
other,  the  base  or  the  acid  passes  into  the  distilled  water,  ac- 
cording  as  the  métal  conductor,  that  is  plunged  into  it,  is  the 
négative  or  the  positive.  Care  must  be  taken  always  to 
maintain  the  level  of  the  distilled  water  higher  than  that  of 
the  solution,'  in  order  that  no  part  of  the  latter  shall  pass  into 
the  water.  On  taking  this  précaution,  we  may  satisfy  our- 
selves,  for  example,  with  sulphate  of  magnesia,  that  no 
pure  magnesia  passes  into  the  distilled  water,  when  this 
water  is  in  communication  with  the  négative  pôle,  and  that 
there  is  no  trace  of  sulphuric  acid,  since  a  sait  of  baryta 
produces  no  précipitation. 

In  order  to  discover  how  far  this  property  of  transport  ex- 
tends,  it  is  necessary  to  employ  at  least  three  cups  (Jig.  229.) 
the  saline  solution  is  placed  in  one  of  the  two  extrême  cups, 
distilled  water  in  the  other,  and  a  reagent  in  the  intermediate 
cup.  If  this  reagent  is  water  coloured  blue  by  tincture  of 
litmus,  on  pouring  a  solution  of  sulphate  of  potash  into  the 
négative  cup,  the  coloured  water  is  not  seen  to  be  reddened 
by  the  passage  of  the  sulphuric  acid  ;  but  the  first  impression 
of  redness  is  shown  only  at  the  extremity  of  the  hank  of 
amianthus,  which  makes  communication  between  the  coloured 
water  and  the  positive  vessel,  namely  >  on  the  side  most  distant 
from  the  vessel  firom  which  the  sulphuric  acid  cornes.     The 
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same  thing  takes  place  for  alkali,  when,  the  saline  solution 
being  placed  in  the  positive  vessel,  it  is  transported  to  the 
négative  pôle.  It  is  even  easy  to  demohstrate  that  this 
colouration  of  blue  water  into  red  by  acid,  into  green  by  alkali, 
only  anses  from  the  diffusion  of  the  acid,  which  is  ail  carried 
arotmd  the  positive  wire,  and  of  the  alkali,  which  is  ail 
carried  around  the  négative  wire.  For  this  purpose,  we 
hâve  merely  to  employ,  as  I  hâve  done,  a  large  tube, 
divided  into  three  equal  compartments,  by  two  diaphragma 
of  bladder,  which  allow  the  current  to  pass,  without  permit- 
ting  the  liquids  to  mix  :  thèse  three  compartments  fulfil  the 
office  of  the  three  cups  above  mentioned. 

The  experiment,  that  we  hâve  just  related,  shows  there- 
fore  that,  under  the  influence  of  the  current  which  transports 
thèm,  acid  and  alkali  lose  the  property  of  changing  the  colour 
of  vegetable  blue.  In  order  to  learn  to  what  point  their 
chemical  activity  is  neutralised,  we  must  substituts  for  the 
coloured  waters  of  the  intermediate  cup,  liquid  substances, 
that  hâve  more  or  less  affinity  for  the  acid  or  the  base,  that 
are  transported,  and  be  satisfied  whether  they  are  arrested  in 
their  passage  by  thèse  substances.  By  this  method,  we 
prove  that  a  solution  of  ammonia,  of  soda,  of  pofash,  or  of 
lime,  does  not  arrest,  either  sulphuric,  nitric,  or  hydrochloric 
acids,  which  continue  to  présent  themselves  in  the  distilled 
water  of  the  positive  cup,  when  salts  of  thèse  acids  in  solution 
hâve  been  placed  in  the  négative  cup.  If  the  saline  solu- 
tions are  placed  in  the  positive  cup,  their  bases  are  seen  to 
présent  themselves  in  the  distilled  water  of  the  négative  cup, 
through  acids,  placed  in  the  intermediate  cup.  It  requires  a 
tolerably  long  time  (twenty-four  to  forty-eight  hours),  for  thèse 
effects  to  be  manifested  in  a  very  decided  manner  ;  and  it  is 
necessary,  from  time  to  time,  to  remove  and  to  wash  in  pure 
water  the  hanks  of  amianthus,  by  which  communication 
is  established  between  the  cups.  The  pile  must  be  composed 
of  a  very  considérable  number  of  pairs,  which  dépends 
also  upon  the  kind  of  pile  that  is  employed  ;  but  it  is  easy 
to  détermine  in  each  case  the  number  of  pairs  necessary  for 
the  manifestation  of  the  effect,  because  there  are  always  some 
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bubbles  of  gas,  which,  by  being  liberated  at  the  polar  wîres, 
indicate  the  moment  when  the  current  is  sufficiently  powerful 
to  pass. 

There  are,  however,  some  cases,  in  which  the  substance 
transportée!  is  arrested  by  that  which  it  traverses  ;  sulphnric 
acid,  for  example,  cannot  traverse  solutions  of  strontian  and 
baryta;  and  thèse  two  bases  in  their  turn  cannot  traverse 
sulphuric  acid.     Thns  if  we  place  a  solution  of  sulphate  of 
potash  in  the  négative  cup,  distilled  water  in  the  positive,  and 
a  saturated  solution  of  baryta  between  the  two,  we  do  not 
obtain,  even  at  the  end  of  thirty  hours,  and  with  a  pile  of  150 
pairs,  any  appréciable  portion  of  acid  in  the  distilled  water  ; 
but  there  is  formed,  in  the  intermediate  vessel,  much  sulphate 
of  baryta.     Thus  again,  a  solution  of  hydrochlorate  of  baryta 
being  placed  in  the  positive  cup,  sulphate  of  potash  in  the  in- 
termediate cup,  potash  is  soon  seen  to  appear  in  the  distilled 
water,  that  is  in  the  négative  cup  ;  and  an  abundant  preci- 
pitate  of  sulphate  of  baryta  is  formed  in  the  middle  vessel. 
If  the  intermediate   solution   is  sulphate  of  silver,  hydro- 
chlorate  of  baryta  being  placed  on  the  négative  side,  sul- 
phuric acid  is  seen  to  appear  in  the  distilled  water  of  the 
positive  side,  and  an  abundant  precipitate  of  chloride  of  silver 
to  be  formed  in  the  silver  solution. 

The  experiments,  that  précède,  show  therefore  that  the 
neutralising  power  of  the  current  has  a  limit,  which  dépends 
upon  the  degree  of  affinity  of  the  substance  transportée,  for 
that  which  is  contained  in  the  solution  that  it  traverses  ;  that, 
for  example,  sulphuric  acid  is  able  to  traverse  a  solution  of 
potash,  of  soda,  &c,  without  being  arrested  ;  but  that  it  is 
arrested  by  a  solution  of  baryta,  because  it  forms  with  it  an 
insoluble  compound.  They  show  therefore  that  an  exchange 
may  take  place  of  base  or  acid,  between  the  current  of  the 
solution  that  it  is  traversing,  in  such  a  manner  that  the 
current  may  yield  to  this  solution  the  acid  or  the  base  that  it 
was  carrying,  and  take  in  its  place  the  acid  or  the  base  of  the 
sait  dissolved. 

An  analogous  phenomenon,  and  one  of  no  less  importance 
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for  tbe  theory  of  electro-chemica]  décompositions,  is,  that 
certain  bases,  that  are  little  or  not  at  ail  soluble,  such  as 
magnesia,  and  several  metallic  oxides,  ariaing  from  saline 
solutions,  placed  in  thé  positive  cap,  are  very  well  able  to 
pass  into  the  négative  cap,fiUed  with  distilled  water,  if  the  two 
caps  commnnicate  only  by  a  hank  of  amianthus;  bot  if  there 
is  interposed  between  them  a  vessel  of  pore  water,  still  estab- 
lishing,  by  means  of  hanks  of  amianthos,  the  communication 
between  tbis  vessel  and  the  other  two,  then  the  particles 
transported  fall  to  the  bottom  of  the  intennediate  vessel,  and 
do  not  go  to  the  négative  vessel. 

Hitherto  we  hâve  spoken  only  of  the  décomposition  of 
salts  and  of  water,  but  Davy  found  that  water  is  not  the  only 
binary  compound  that  the  passage  of  electricity  is  able  to 
separate  into  its  éléments, — that  acids  and  oxides  are  also 
decomposable  ;  and  he  thus  succeeded  in  demonstrating  that 
potash,  soda,  and  the  différent  earths  are  nothing  more  than 
oxides,  the  métal  of  whîch  he  succeeded  in  obtaining. 
Having  taken  a  pièce  of  pure  potash,  which  had  been  for 
some  moments  exposed  to  the  air,  so  as  to  become  a  conductor 
on  its  surface,  on  account  of  the  moisture  that  it  had  attracted, 
he  placed  it  upon  an  isolated  plate  of  platinum,  put  into 
communication  with  the  négative  pôle  of  a  powerful  voltaic 
pile  of  250  pairs  ;  he  then  touched  the  upper  surface  of  the 
pièce  with  a  platinum  point,  communicating  with  the  positive 
pôle.  There  was  liberated  around  the  wire  a  great  quantity 
of  gas,  which  was  recognised  to  be  pure  oxygen  ;  and  then 
were  discovered,  at  the  lower  part  of  the  potash,  some 
small  globules  which  had  a  brilliant  metallic  lustre,  but 
which  were  not  long  in  becoming  tarnished,  and  covered 
with  a  white  coating,  that  formed  upon  their  surface.  Thèse 
globules  decomposed  water  with  great  vivacity,  liberating 
hydrogen,  and  oxidising  with  development  of  beat  and  light. 
In  dry  air  they  only  became  covered  with  a  film  of  oxide 
which,  for  want  of  humidity  to  dissolve  it,  remained  upon 
the  surface,  protecting  the  interior  of  the  substance  against 
the  action  of  the  oxygen. 

A  pièce  of  soda  présentée!  exactly  the  saine  phenomena  ; 


Digitized  by 


Google 


CHAP.  ut.       EFFECT8  OF  DYKAMIC   KLECTBICITT.  345 

only  it  required  a  pile  a  little  more  powerful,  in  order  to 
obtain  the  metallic  globules  ;  and  the  latter  were  themselves 
less  rapidly  oxidised  in  the  air. 

After  having  proved  that  potaah  and  soda  are  therefore 
oxides  of  two  metals,  which  he  named  potassium  and  sodium, 
Davy  succeeded  in  obtaining  a  tolerably  large  quantity 
of  them,  by  collecting  them,  in  proportion  as  they  were 
formed,  in  recently  distilled  oil  of  naphtha,  which  is  without 
action  npon  them,  and  in  which  they  are  preserved  perfectly 
intact.  Thèse  two  substances  hâve  ail  the  properties  of 
metals  ;  and  they  hâve  their  brilliancy,  presenting  an  aspect 
very  similar  to  that  of  polished  silver.  They  condnct  heat 
and  electricity;  they  melt,  potassium  at  168°,  and  sodium 
not  under  180£°;  they  crystallise  and  become  brittle  at  32°. 
Their  denaity  is  less  than  that  of  water.*  Thèse  two  metals 
easily  amalgamate  with  mercury,  and  it  is  even  a  means 
of  extracting  them  from  their  oxides  :  a  globule  of  mercury 
is  placed  upon  a  pièce  of  potaah  or  of  soda,  itself  placed  npon  a 
platinum  plate,  which  communicates  with  the  positive  pôle  ; 
then  a  platinum  point  is  thrust  into  the  globule,  which  is  con- 
nected  with  the  négative  pôle  of  the  pile.  The  alkaline  métal 
is  then  easily  extracted  from  its  amalgam  by  distillation 
conducted  in  oil  of  naphtha,  and  the  little  globules  obtained 
either  in  this  manner,  or  directly,  are  converted  into  a 
single  button  by  fusion  conducted  also  under  oil  of  naphtha. 

Davy  subsequently  extended  his  discovery  to  other  com- 
pounds  ;  and,  thanks  to  his  labours  and  to  those  of  some  other 
chemists,  it  was  demonstrated  that  ail  the.  earths  and  fixed 
alkalies  were  metallic  oxides,  whose  bases  were  more  or  less 
easily  extracted,  first  by  means  of  the  decomposing  force 
of  dynamic  electricity,  afterwards  by  purely  chemical 
processes.  We  shall  hâve  occasion  to  compare  the  two 
modes  in  the  Chapters  of  the  Part,  which  are  devoted 
to  applications,  whose  subject  will  be  the  employaient  of 
electricity  for  the  extraction  of  metals. 

The  fondamental  phenomena  of  the  electro-chemical  de- 

*  That  of  potassium  is  0'865  ;  and  that  of  sodium  0*972. 
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compositions,  that  we  hâve  been  describing,  suffice  for  the 
présent  to  enable  us  to  lay  down  certain  gênerai  principles. 
First,  they  prove  to  us  that  electto-chemical  décomposition 
is  a  phenomenon  of  dynamic  elctricity,  and  not  a  pheno- 
menon  of  static  electricity.  Indeed,  everything  that  favours 
the  passage  of  the  crurent,  facilitâtes  décomposition.  Gay- 
Lussac  and  Thénard  succeeded  in  demonstrating  this  in  their 
physico-chemical  researches.  They  hâve  proved  that  the 
quantity  of  gas  liberated  in  the  décomposition  of  water,  very 
feeble  when  the  water  is  pure,  increases  with  the  quantity  of 
sait  or  acid  dissolved  in  it,  and  consequently  with  its  degree  of 
conductibility  ;  that  it  is  also,  up  to  a  certain  limit,  greater  in 
proportion  as  the  surface  of  contact  increases  between  the 
liquid  and  the  polar  conductors.  The  élévation  of  température 
which  increases  the  conductibility  of  the  liquid,  facilitâtes  its 
décomposition.  AU  thèse  résulta,  therefore,  show  that  it  is  im- 
possible to  attribute  the  décomposition  of  bodies  to  an  attrac- 
tion, exercised  by  the  two  pôles  over  the  constituent 
molécules  ;  the  one  set  positive,  the  other  négative,  and  which 
would  be  analogous  to  ordinary  electric  attractions  and 
repulsions. 

Ânother  well-established  point  is,  that  the  portion  of  the 
liquid,  which  is  decomposed,  is  only  that  which  is  in  contact 
with  the  polar  conductors,  whether  it  be  the  same  or  dif- 
férent at  the  two  pôles,  as  the  researches  of  Hizinger  and 
BerzeHus  hâve  proved.  The  intermediate  liquids,  when 
they  are  separated  from  each  other  and  from  the  polar 
liquids,  merely  by  porous  diaphragms,  or  humid  conductors, 
do  not  undergo  any  altération  in  their  composition,  save  in 
the  exceptional  cases  that  we  hâve  pointed  ont  above,  ac- 
cording  to  Davy.  In  like  manner,  it  is  upon  the  surface  of 
the  metals  which  serve  as  pôles,  that  the  liberated  éléments 
are  deposited,  as  is  proved  by  simple  inspection,  when  gaseous 
and  solid  éléments  are  in  question,  and  by  the  employment 
of  tests,  in  the  case  of  liquid  éléments.  As  a  proof  that  the 
halves  of  the  liquid  interposed  between  the  pôles  are  in  two 
opposite  states  of  electric  tension,  the  élégant  experiment  is 
quoted  ;  that  a  saline  solution,  sulphate  of  soda,  for  example, 
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coloured  blue,  placed  in  a  u  tube  (jig.  231.)  becomes 
half  coloured  red,  and  half  green,  when  placed 
in  the  circuit  of  the  pile,  by  means  of  two 
platinum  wires.  But  this  double  colouration 
is  only  the  effect  of  the  diffusion  of  the  acid 
and  the  alkali,  which,  liberated  at  each  of 
the  pôles,  spread  gradually  in  the  surround- 
ing  parts  of  the  liquid.  I  hâve  proved  this 
tg'2  "  by  placîng  the  saline  solution  in  a  vessel 
separated  into  three  compartments  by  two  bladders,  which 
prevent  the  solutions  contained  in  each  of  the  compartments 
from  mixing,  at  the  same  time  allowing  the  current  to 
traverse  them.  However  long  may  hâve  been  the  duration 
of  the  décomposition,  the  colour  of  the  liquid  contained  in  the 
middle  cell  has  not  been  altered,  whilst  the  liquida  contained 
in  the  two  extrême  cells,  into  which  the  two  pôles  were 
plunged,  hâve  entirely  changed  their  colour. 

We  hâve  seen  that  if  we  hâve  in  succession  several  vessels, 
filled  with  acidulated  water  or  a  saline  solution,  and  if,  instead 
of  Connecting  them  by  humid  conductors,  they  are  made  to 
communicate  with  each  other  by  metallic  arcs,  we  then 
obtain,  in  each  vessel  separately,  a  décomposition  exactly  the 
same  as  would  hâve  taken  place,  had  the  liquid  of  this  vessel 
been  alone  in  the  circuit.  Thus,  we  shall  obtain  in  the  two 
tubes  of  each  of  the  three  vessels  of  Jig.  232.,  which  are 
filled  with  acidulated  water,  oxygen  and  hydrogen  in  the  pro- 
portion that  constitutes  water,  the  oxygen  being  in  the  tubes 


Fig.  232. 


Fig.  233. 
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tarned  towards  the  side  of  the  positive  pôle,  and  the  hydrogen 
in  those  tarned  to  the  side  of  the  négative  pôle.  So  also,  if 
we  hâve  a  séries  of  u  tabès  (Jig.  233.),  filled  with  a  saline  so- 
lation  coloared  blue,  and  connected  by  platinam  wires,  bent  in 
the  form  of  an  arc,  and  planging  by  one  of  their  ends  into 
one  of  the  tabès,  and  by  the  other  into  the  following,  whilst 
the  two  extrême  branches  commanicate  by  platinam  wires, 
one  with  the  positive,  the  other  with  the  négative  pôle  of  the 
pile,  we  perceive  the  solution  become  coloared  red  in  ail  those 
branches  of  the  tube,  that  are  tarned  to  the  side  of  the  posi- 
tive pôle,  inclading  that  into  which  this  pôle  is  plnnged,  and 
coloared  green  in  ail  those  that  are  tarned  to  the  side  of  the 
négative  pôle,  inclading  that  which  cominunicates  immediately 
with  that  pôle.  We  hâve  merely  to  change  the  place  of  the 
two  pôles,  to  perceive  ail  the  red  and  the  green  parts  of  the 
liquid  repass  first  to  blue,  then  those  that  were  red  pas* 
to  green,  and  those  that  were  green  pass  to  red. 

An  important  point  to  notice  is,  that  when  saline  solutions 
are  decomposed,  there  is  at  the  same  time  a  gaseous  libération 
at  the  pôles,  which  seems  to  indicate  a  simultaneous  décom- 
position of  water.  However,  there  is  an  important  différence 
to  be  made  in  this  respect  between  the  salts,  whose  base  is 
manifested  in  a  state  of  oxide  at  the  négative  pôle,  and  those 
in  which  it  appears  in  the  revived  metallic  state  ;  in  this  latter 
case  there  is,  as  in  the  former,  a  libération  of  oxygen  with  the 
acid  at  the  positive  pôle,  but  there  is  no  hydrogen  at  the  ne* 
gative  pôle,  as  if  this  gas  were  employed  in  reducing  the 
oxide,  frhich  forms  the  base  of  the  sait.  We  shall  see  hère* 
after  what  actually  takes  place  in  this  case»  For  the 
présent,  we  shall  confine  ourselves  to  remarking  that  the  re- 
vived métal  is  manifested  sometimes  in  the  state  of  plates  ad- 
hering  to  the  surface  of  the  conductor  that  is  employed  for  a 
pôle,  sometimes  in  a  state  of  powder,  sometimes  in  the 
crystalline  state,  or  forming  remarkable  aborizations.  One 
of  the  most  élégant  is  that  which  is  obtained  by  employing 
acétate  of  lead,  and  into  the  middle  of  a  vessel  that  contaîns 
this  solution,  thrusting  a  platinum  wire  in  communication  with 
the  négative  pôle  of  a  pile,  the  other  pôle  of  which  also  com- 
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municates  with  the  liquid,  by  means  of  a  wire  or  plate  that  is 
immersed  towards  the  edge  of  the  vesseL  If  the  current  is 
not  too  strong,  the  aborizations  are  slowly  formed,  and  in  a 
very  brilliant  manner,  whilst  with  a  very  energetic  current 
they  are  confused.  The  force  of  the  current,  indeed,  as  we 
shall  see,  as  well  as  the  nature  itself  of  the  sait,  submitted 
to  the  decomposing  action  of  the  electricity,  has  an  influ- 
ence over  the  structure  of  the  deposits,  that  occur  in  this 
case. 

Before  extending  further  the  study  of  the  phenoinena  of 
décomposition,  and  the  research  of  the  précise  laws  by  which 
they  are  regulated,  we  think  it  useful  to  make  known  hère, 
the  ingénions  manner  in  which  Grotthus  succeeded  in  ex- 
plaining  them.  Setting  ont  firom  the  principle  laid  down  by 
Davy,  and  afterwards  admitted  by  Berzejius  and  by  Ampère, 
that  the  constituent  atoms  of  bodies  are,  some  électro-positive 
and  others  electro-negative,  and  that  it  is  in  virtue  of  the 
mutual  attraction  of  the  électro-positive  and  the  electro- 
negative  éléments,  that  chemical  combination  is  brought 
about,  he  explained  in  the  following  manner  what  takes  place  in 
the  electro-chemical  décomposition  of  any  compound  —  water 
for  example.  As  soon  as  a  filament  of  water  is  placed  in 
the  circuit,  it  is  polarised,  as  we  hâve  seen  every  conductor 
must  be,  when  interposed  between  the  pôles  *  ;  but  hydrogen 
being  a  body  eminently  positive,  the  molécules  of  hydrogen 
of  each  particle  of  water  turn  on  the  side  of  the  négative 
pôle,  and  the  molécules  of  oxygen,  which  is  eminently 
négative,  on  the  side  of  the  positive  pôle  f  (fig.  234.).  The 
current  passes,  that  is  to  say,  there  is  a  discharge  of  the  con- 
sécutive molécules  between  each  other,  and  of  the  two 
extrême  molécules  with  the  pôles.  It  follows  from  this  that 
the  négative  oxygen  of  the  molécule  of  water  No.  1.,  which 
is  in  contact  with  the  positive  pôle  F,  is  liberated 
against  the  pôle  of  which  the  electricity  is  combined  with  its 
négative  electricity,  and  that  the  positive  hydrogen  of  the 

♦  Vol.  IL  p.  63. 

t  In  each  molécule  of  water  the  particle  of  hydrogen  is  clear,  and  that  of 
oxygen  shaded. 
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molécule  No.  6.,  in  contact  with  the  négative  pôle,  is  liberaied 
in  like  manner  against  this  pôle  ;  now  the  hydrogen  of  the 

j\  Jt  *  S  4  S  S  //ï 
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Fig.  334. 

molécule  of  water  No.  1.  combines  with  the  oxygen  of  the 
molécule  No.  2.,  the  hydrogen  of  No.  2.  with  the  oxygen  of 
No.  3.,  and  so  on  to  the  last  particle.     In  other  words,  the 
discharge  that  is  brought  about  between  the  consécutive 
molécules  of  water,  in  order  to  constitute  the  curent,  drawing 
ail  the  hydrogens  of  the  pôle  4-  to  the  pôle  —  and  ail  the 
oxygens  of  the  pôle  —  to  the  pôle  +  ,it  libérâtes  the  hydrogen 
of  the  molécule  in  contact  with  the  —pôle,  and  at  the  saine 
time  compels  ail  the  oxygens  and  hydrogens  of  the  inter- 
mediate  particles  to  combine  together  to  re-fbrm  water.     The 
second  séries  of  particles  of  fig.  234.  représenta  thèse  new 
particles  of  water.     What  the  first  passage  brings  about,  the 
second  passage  brings  about  in  like  manner,  namely,  that  the 
particles  are  polarised  anew,  and  consequentlymustall  make 
a  semi-revolution  in  order  that  the  oxygens  may  be  turned  on 
the  side  of  the  +  pôle,  an<*  the  hydrogens  on  the  side  of  the 
—pôle,  as  represented  by  the  third  séries  of  particles  o£fig. 
234.  ;  then  décomposition  takes  place,  as  well  as  the  exchange 
of  the  constituent  parts,  between  each  of  thèse  particles,  with 
libération  of  gas  at  the  extrême  particles,  and  so  on  as  long 
as  the  current  is  transmitted.     We  therefbre  see,  since  there 
is  only  oxygen  at  the  -f  pôle,  and  hydrogen  at  the  — pôle, 
that  we  are  no  longer  embarrassedto  explain  what  becomes  of 
the  hydrogen  of  the  particle  in  contact  with  the  positive  pôle, 
and  the  oxygen  of  that  which  is  in  contact  with  the  négative 
pôle. 
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The  explanation  that  we  hâve  been  giving,  taking  water 
for  the  example,  is  equally  well  applicable  to  the  décom- 
position of  every  compound  body.  In  the  case  in  which  the 
solution  interposed  between  the  pôles  is  not  homogeneous,  but 
is  composed  of  two  or  three  différent  solutions,  the  exchange 
takes  place  in  a  similar  manner.  Thus,  if  the  positive  pôle 
is  in  contact  with  a  solution  of  nitrate  of  potash,  and  the 
négative  with  a  solution  of  sulphate  of  soda,  the  sulphuric 
acid  of  the  last  particle  of  the  sulphate,  and  the  potash  of 
the  first  particle  of  the  nitrate  combine,  liberating  a  molécule 
of  soda  at  the  —  pôle,  and  one  of  nitric  acid  at  the  -f  pôle  ; 
then  this  particle  of  sulphuric  acid  combines  with  a  second 
of  potash,  liberating  a  second  particle  of  soda  at  the  —  pôle, 
a  second  of  nitric  acid  at  the  +  pôle,  until  finally  the  sul- 
phuric acid  cornes  also  to  the  4-  pôle,  and  the  potash  to  the 
—  pôle;  and  that,  conformably  with  the  observations  of 
Berzelius  and  of  Hizinger,  we  hâve  both  acids  at  the  -f  pôle, 
and  both  bases  at  the  —  pôle.  If  there  is  a  third  solution 
between  the  two,  it  is  also  by  the  way  of  décomposition  and 
combination  that  the  passage  of  the  current  and  the  transport 
of  particles  takes  place.  Only  if  the  compound  momentarily 
formed  is  insoluble,  then,  as  we  hâve  seen,  its  éléments  are 
no  longer  transported  to  the  two  pôles,  and  .are  replaced  by 
those,  which  hâve  not  formed  an  insoluble  compound.  Thus, 
if  the  interposed  solution  is  hydrochlorate  of  baryta,  sul- 
phuric acid  forming  with  baryta  an  insoluble  compound,  the 
sulphate  of  baryta  is  precipitated  to  the  bottom  of  the  inter- 
mediate  vessel,  and  its  place  at  the  +  pôle  is  supplied  by 
hydrochloric  acid.  In  like  manner  if  the  sait,  placed  at  the 
positive  pôle,  is  nitrate  of  silver,  and  that  placed  in  the 
middle  is  hydrochlorate  of  soda,  the  silver,  which  forms  with 
hydrochloric  acid  an  insoluble  body,  is  precipitated,  and  soda 
is  liberated  in  its  place  at  the  négative  pôle. 

We  shall  see  farther  on,  that  this  theory  very  well  cxplains 
the  gênerai  facts  as  well  as  the  secondary  phenomena,  which 
the  more  profound  study  that  we  shall  make  of  electro- 
chemical  décompositions  will  enable  us  to  to  discover.  We 
merely  remark  in  this  place,  that  we  do  not  admit  the  dis» 


Digitized  by 


Google 


352  TRANSMISSION  OF  ELECTEICITT.  part  it« 

tînction  of  the  éléments  of  bodies  mto  électro-positive  aiid 
electro-negative,  as  it  has  been  in  gênerai  formularised, — a 
distinction  that  cannot  be  maintained  in  face  of  the  fact,  that 
the  same  body  may  comport  itself  aecording  to  the  combina- 
tion  into  which  it  entera,  sometimes  as  électro-positive  at 
other  times  as  electro-negative  ;  for  example,  chlorine,  which 
goes  to  the  +  pôle,  when  it  is  combined  with  hydrogen  in 
hydrochloric  acid,  and  to  the  —  pôle,  when  combined  with 
oxygen  in  the  chloric  acids.  The  property  in  question  can, 
therefore,  be  only  relative  ;  and  it  consista  in  this,  that  as 
soon  as  the  cnrrent  traverses  a  compound  liquid  condactor, 
it  polarises  the  molécules  of  this  liquid  in  such  a  way  that 
among  their  éléments,  some  become  charged  with  négative 
electricity  and  others  with  positive,  the  same  élément  being 
able,  aecording  to  that  with  which  it  is  combined,  to  become 
charged  equally  with  one  or  with  the  other»  We  shall 
endeavour,  when  we  are  occupied  with  the  electricity  li- 
berated  in  chemical  actions,  and  consequently  with  the  more 
intimate  relations,  that  exist  between  thèse  two  kinds  of 
force,  to  show  that  this  property  may  easily  be  reconciled 
with  the  hypothesis  that  we  hâve  previously  made;  namely, 
that  the  atoms  of  bodies  ail  possess  a  natural  polarity. 

Laws  of  Electro-chemical  Décompositions.     Definite  Action  of 
the  CurrenL 

It  had  long  been  thought  that  the  présence  of  water  was 
necessary,  in  order  that  a  liquid  body  might  be  decomposed 
by  the  electric  current  It  had  even  been  remarked  as  a 
very  curions  fact,  that  water,  which,  when  it  is  pure,  is  very 
difficultly  decomposed,  being  itself  a  very  bad  conductor  of 
electricity,  may,  by  dissolving  them,  render  such  bodies  as 
sulphuric,  sulphurous  and  other  acids,  conductors,  which  do 
not  of  themselves  conduct  electricity  at  ail,  or  in  a  very 
trifling  degree.  Davy  had,  however,  already  observed,  that 
we  may  employ,  as  liquid  conductors  for  charging  piles, 
such  salts  as  chlorate  of  potash  in  a  state  of  fusion  ;  but  he 
had  always  considered  the  présence  of  water  as  necessary  ii> 


Digitized  by 


Google 


chaf.  m.       EFPECTS  OP  DYNAMIO  ELECTBICITY.  353 

the  liquid,  placed  between  the  pôles  in  order  to  be  decom- 
posed.    It  is  Faraday,  who,  having  succeeded  in  transmitting 
currents,  even  of  a  feeble  intensity,  through  chlorides  and  salts, 
brought  to  the  state  of  fusion  by  the  action  of  a  high  tem- 
pérature, has  at  the  same  time  shown  that  thèse  bodies  were 
decomposed   by  the  currents  into  their  éléments,   some  of 
which  were  carried  to  the  positive  pôle,  the  others  to  the 
négative.    Thus,  on  placing  some  of  thèse  solutions  in  fusion 
in  small  glass  tubes  in  the  form  of  a  u,  and  introducing  into 
each  of  the  branches  a  platinum  wire,  in  order  to  transmit 
the  crurent  through  the  substance,  he  found,  with  iodides 
and  chlorides  of  lead,  silver,  &c,  iodine  and  chlorine  at 
the  positive  pôle,  and  lead,  silver, — in  a  word  the  métal — 
revived  at  the  négative  pôle.    But  it  is  necessary,  in  order 
that  the  décomposition  may  take  place,  that  the  bodies  lique- 
fied  by  beat  shall  become  conductors  by  the  fact  of  this 
change  of  state,  in  order  that  the  current  may  be  able  to 
pass.    Now,  there  are  a  great  number  of  bodies,  such  as  sul- 
phurets,  perchlorides,  as  well  as  many  organic  substances, 
which  do  not  become  conductors  on  being  liquefied,  and 
which,  consequently,  are  not  decomposed.     The  reverse  is 
equally  true,  namely,  that  every  compound  body,  which  be- 
cornes  a  conductor  by  liquéfaction,  is  decomposed  by  the 
current;  the  exceptions  to  this  rule,  which  Faraday  cites, 
being  only  apparent,  as  we  shall  soon  see.     There  is,  there- 
fore,  a  great  différence  between  simple  conductibility,  which 
we  may  call  physical,  and  the  conductibility,  accompanied 
by  electro-chemical  décomposition.     The  former,  which   is 
peculiar  to  elementary  solid  and   liquid    bodies,  such   as 
mercury  and  the  melted  metals*,  diminishes  by  the  effect  of 
élévation  of  température,  as  we  hâve  seen  as  well  in  the  case 
of  liquida  as  in  that  of  solids  ;  the  latter,  which  belongs  to 


*  Inglig  and  Palmieri  had  thought  that  melted  iodine  is  a  conductor  of 
electricity  ;  but  Beetz  satisfied  himself,  by  very  accurate  expérimenta,  that 
the  slight  traces  of  conductibility,  presented  by  iodine  in  a  state  of  fusion,  are 
due  to  its  mixture  with  a  small  portion  of  hydriodic  acid,  which  is  decom- 
posed by  the  current.  Furthermore,  bromine,  liquid  chlorine,  melted  sulphur, 
sélénium,  and  phosphores  are  not  conductors,  so  that  among  elementary  bodies, 
there  are  only  the  metals  and  carbon  that  conduct  electricity. 
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componnd  liquid  bodies,  increases,  on  the  contrary,  with  the 
heating,  which  favours  décomposition.  It  follows  from  this 
that  it  seems  almost  to  be  a  conséquence  of  this  décomposition, 
or  that  it  is  at  leastintimately  connected with it,  so  as  to  form 
with  it  bnt  one  and  the  saine  phenomenon.  However, 
Faraday  and  some  philosophera  think  that  componnd  liquida 
may  conduct  a  sensible  portion,  however  small,  of  electricity, 
without  becoming  decomposed  ;  and  may  consequently  possess 
a  certain  degree  of  physical  conductibility.  We  shall  ex- 
amine in  the  sequel,  when  we  shall  hâve  well  stadied  the 
phenomena,  that  attend  upon  décomposition,  and  shall  hâve 
determined  its  laws,  the  estent  to  which  this  opinion  is  well 
foundecL 

We  see,  therefore,  that  every  componnd  body,  a  conductor 
of  electricity,  may  be  decomposed  by  the  passage  of  the 
crûrent,  when  it  is  in  a  liquid  state,  whether  it  may  hâve 
been  brought  to  this  state  either  by  solution  in  water  or  by 
fusion.  We  are  now  about  to  investigate  the  more  précise 
laws,  according  to  which  this  décomposition  is  brought  about; 
and,  in  order  to  render  our  labour  more  easy,  we  shall  adopt 
the  terms  introduced  by  Faraday  into  this  part  of  the  science. 
Thus,  chemical  décomposition,  brought  about  by  electricity, 
we  shall  call  electrolysis,  to  distinguish  it  from  analysis,  which 
is  décomposition  brought  about  by  purely  chemical  means, 
and  from  which  it  differs  by  very  decided  characteristics. 
Bodies  susceptible  of  being  decomposed  by  the  electro- 
chemical  way,  we  shall  term  electrolytes.  Finally,  we  shall 
retain  the  name  of  électrodes  to  the  conductors,  that 
establish  communication  between  the  pôles  of  the  pile  and 
the  electrolyte.* 

The  first  law  that  we  encounter,  and  which  was  established 
by  Faraday,  is  that  the  decomposing  action  of  a  carrent  is 

*  Mr.  Faraday  calls  the  positive  électrode  the  ofiotfe,  and  the  négative  the 
cathode;  in  like  manner  he  designated  as  anùms  those  éléments  of  the  elec- 
trolyte, that  are  liberated  at  the  positive  pôle,  and  as  cautions  those  that  are 
liberated  at  the  négative  pôle  ;  giving  the  name  of  ions  to  thèse  two  classes  of 
éléments.  We  shall  not  make  nse  of  thèse  varions  dénominations,  which  do 
not  seem  to  be  indispensable,  whilst  those  we  hâve  adopted  are  eminentlv 
nsefnL 
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constant  for  a  given  quantity  of  electricity.  Thus,  if  we 
bave  several  voltameters,  plaeed  one  after  the  other  so  as  to 
"be  trayersed  by  the  saine  crurent  for  the  saine  time,  it  is 
fbnnd  that  the  quantity  of  oxygen  and  of  hydrogen  gas 
liberated  in  each  is  similar,  even  though  the  conducting 
solutions  and  the  size  of  the  électrodes  differ  from  one  volta- 
meter  to  the  other.  Thèse  solutions  may  be  acid,  alkaline, 
or  saline  ;  they  may  be  more  or  less  diluted  ;  and  notwith- 
standing  they  give  the  same  quantity  of  gas,  when  they  are 
traversed  by  the  same  current  for  the  same  time.  With 
regard  to  the  électrodes,  it  is  necessary  that  they  be  of 
platinum,  and  so  arranged  that  the  gases  hâve  the  shortest 
possible  course  to  take  in  the  liquid,  that  always  dissolves 
more  or  less,  which  gives  rise  to  the  risk  of  making  us 
suppose  différences  in  the  quantity  of  gas  liberated.  Care 
must  also  be  taken,  especially  when  the  électrodes  présent 
a  large  surface  of  contact  with  the  liquida,  not  to  leave  the 
gaseous  mixture  of  oxygen  and  hydrogen  in  contact  with 
the  platinum  électrodes  ;  because  platinum,  by  its  mère  con- 
tact with  this  mixture,  brings  about  the  combination  of  the 
two  gases.  It  is  even  better  to  collect  the  gases  separately, 
and  to  measure  one  of  them,  the  hydrogen  for  example, 
which  dissolves  less  easily  ;  this  is  what  Faraday,  in  gênerai, 
did.  We  shall  see  in  the  fourth  paragraphe  when  occupied 
with  the  influence  exercised  by  the  électrodes  upon  the 
electrolysis,  the  errors  that  may  arise  from  the  neglect  of  the 
précautions  that  we  hâve  been  pointing  out. 

Thus  then,  when  ail  the  gas  is  collected,  that  arises 
from  the  décomposition  of  the  acidulated  or  saline  water, 
and  when  no  secondary  effect,  as  happens  with  certain 
solutions,  disguises  any  portion,  we  obtain  in  the  volume 
of  this  gas  an  exact  measure  of  the  quantity  of  electricity 
that  passes;  on  which  account  it  is  that  Faraday  termed 
the  apparatus  founded  upon  this  principle  a  voltameter. 
This  is  so  true  that,  if  we  reduce  this  electricity  to  one-half, 
by  placing  two  perfectly  similar  voltameters  parallel  to  each 
other,  the  current  divides  itself  equally  between  them,  and 
libérâtes  in  each  of  them  a  quantity  of  gas,  that  is  exactly 
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the  half  of  what  is  liberated  in  a  third  voltameter,  placed 
in  the  circuit  in  such  a  manner  as  to  be  traversed  by  the 
current  entire/  If  there  existe  any  différence  of  conducti- 
bility  between  the  two  parallel  voltameters,  because  one 
of  them  has  larger  électrodes,  or  contains  a  more  acid 
solution,  the  quantities  of  gas  liberated  in  each  are  no  longer 
the  same,  but  their  sum  is  always  equal  to  the  quantity 
of  gas  liberated  in  the  single  voltameter.  M.  Matteucci 
demonstrated  this  very  satisfactorily. 

But  it  is  not  only  upon  aqueous  solutions,  in  which  the 
water  alone  is  decomposed,  that  the  chemical  power  of  an 
electric  current  is  always  proportional  to  the  absolute 
quantity  of  electricity  transmitted  :  this  same  property  existe 
for  ail  electrolytes  ;  whence  it  necessarily  follows  that,  when 
a  like  current  traverses  for  the  same  time  two  or  many 
compound  bodies,  that  is  to  say  electrolytes,  it  must  neces- 
sarily in  each  of  them  separate  their  éléments  in  a  quantity 
proportional  to  their  chemical  équivalents.*  This  beautiful 
law  was  established  by  Faraday,  by  a  great  number  of 
expérimente.  Thus  he  arrangea  one  after  the  other,  in 
the  same  circuit,  a  voltameter  and  a  tube  filled  with  proto- 
chloride  of  tin,  placed  in  a  glass  tube  into  which  penetrated 
two  platinum  wires,  and  retained  in  a  state  of  fusion  by  a 
spirit  lamp.  One  of  the  platinum  wires  that  were  plunged 
in  the  protochloride  communicated  with  the  négative  pôle  of 
the  pile,  the  other  with  one  of  the  électrodes  of  the  voltameter, 
the  second  électrode  of  which  led  to  the  positive  pôle.  After 
having  allowed  the  décomposition  to  go  on  for  some  time, 
it  was  interrupted  ;  then  was  carefully  weighed  the  platinum 
wire  covered  with  tin,  whose  weight  had  previously  been 


*  We  nnderstand  by  chemical  équivalents  the  relative  weights  of  the 
éléments,  that  enter  into  the  composition  of  a  body.  Thus  the  équivalent  of 
hydrogen  is  12*50,  that  of  oxygen  being  100,  whence  it  follows  that  the  équi- 
valent of  water  is  1 12*50,  which  signifies  that  1 00  grains  of  oxygen  combine  with 
12*50  of  hydrogen  to  make  112*50  of  water.  The  équivalent  of  tin  is  735*29, 
and  that  of  chlorine  44265 ;  whence  it  follows  that  735*29  of  tin  combine  with 
442*65  of  chlorine  to  form  1177*94  of  chloride  of  tin.  In  like  manner,  100  of 
oxygen  combine  with  735*29  of  tin,  in  order  to  make  835*29  of  oxide  of  tin  ; 
and  442*65  of  chlorine  make,  with  12*50  of  hydrogen,  455*15  of  hydrochloric 
acid. 
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determined  ;  this  weight  gave  3£  grs.  as  the  weight  of  the 

tin,  arising  from  décomposition;  the  weight  of  the   water 

decomposed,  estimated  from  the  gaseous  volume  measured 

with  care  in  the  voltameter,  was  found  to  be  about  0*49  grs  ; 

whichgives  735  for  the  équivalent  of  the  tin,  thatof  water  being 

112,  a  number  that  is  indeed  the  truth.    The  protochloride 

of  tin,  that  remains  after  the  opération,  is  perfectly  pure,  in 

such  a  way  that  it  is  évident  there  has  been  liberated  at  the 

positive  pôle  a  quantity  of  chloride  équivalent  to  that  of 

the  metallic  tin  carried  to   the   négative  électrode.     Only 

the  secondary  actions,  such  as  that  of  chlorine  upon   the 

reduced  métal,  when  the  two  électrodes  are  very  near  to 

each  other,  sometimes   render  the  weight  of  the  reduced 

métal   too   feeble.      With   the  iodides,   which  are  equally 

decomposed  in  the  state  of  fusion,  the  same  inconvenience 

is  presented,  on  account  of  the  formation  of  periodides  at 

the  positive  électrode.     In  gênerai,  many  précautions  are 

necessary,  and  a  particular  choice  of  electrolytes,  in  order 

that  the  laws  may  be  manifested  in  a  very  distinct  manner, 

without  being  disturbed  by  secondary  effects. 

In  order  to  make  it  come  out  well,  Faraday  endeavoured 
to  place  several  différent  electrolytes  one  after  the  other  on  the 
route  of  the  current,  for  example,  acidulated  water  in  the  vol* 
tameter,  protochloride  of  tin,  and  chloride  of  lead  ;  and  he  ob- 
tained  quantities  of  tin,  lead,  chlorine,  oxygen,  and  hydrogen 
équivalent  to  each  other.  It  is  évident,  in  this  case,  that  it  is 
the  worst  conducting  of  the  electrolytes,  that  détermines  the 
total  effect, — an  effect  which  is  the  same  in  ail. 

Thus  we  may  regard  as  completely  established  that  the 
chemical  action  of  electricity  is  definite,  and  that  tlie  same 
quantity  of  electricity,  or  the  saine  electric  current,  décomposes 
chemically  équivalent  quantities  of  ail  the  bodies,  that  it  traverses  : 
whence  it  follows  that  the  weights  of  the  éléments,  which  it 
séparâtes  in  thèse  electrolytes,  are  ail,  in  respect  to  each  other, 
as  the  chemical  équivalents  of  thèse  éléments. 

The  law  that  we  hâve  just  established  must  be  gênerai  ; 
but  when  we  endeavour  to  prove  it  for  the  case  of  com- 
pound  bodies,  others  than  binary,  and  for  that  in  which  thèse 
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compounds  are  themselves  dissolved  in  an  electrolyte,  such 
as  water,  we  encounter  very  great  difficulties,  one  of  the 
chief  of  which  is  the  formation  of  secondary  products, 
which  we  hâve  frequently  some  difficulty  in  distinguishing 
from  the  direct  prodacts  of  décomposition.  Thus,  when 
we  wish  -to  décompose  a  solution  of  animonia,  in  which  the 
précaution  has  been  taken  of  dissolving  sulphate  of  ammonia, 
in  order  to  render  it  a  better  conductor,  we  obtain  very 
pure  nitrogen  at  the  positive  électrode,  and  hydrogen  at  the 
négative,  in  the  proportion  of  3  or  4  volumes  of  hydrogen  to 
1  of  nitrogen.  It  seems  to  follow  from  this  that  the  ammonia 
alone  has  been  decomposed  ;  and  yet,  if  we  place  a  voltameter 
in  the  same  circuit,  we  fînd  that  hydrogen  is  liberated  in  it 
in  exactly  the  same  quantity  as  in  the  ammoniacal  solution  ; 
which  seems  to  prove  that,  in  the  latter,  the  water  alone 
has  been  decomposed,  and  that  the  nitrogen,  which  is 
manifested  at  the  positive  électrode,  is  merely  the  secondary 
resuit  of  the  action  upon  the  ammonia  of  the  nascent  oxygen, 
arising  from  the  décomposition  of  the  water  ;  much  more  as 
this  nitrogen  is  frequently  mixed  with  a  little  oxygen,  and 
as  its  proportion  varies  with  the  greater  or  less  degree  of 
concentration  of  the  solution.*  Thus  again  if  we  décompose 
nitric  acid,  which  is  a  very  good  conductor,  we  obtain 
oxygen  at  the  positive  électrode,  and  there  is  no  gas  at  the 
négative;  but  we  find  there  nitrous  acid  and  deutoxide  of 
nitrogen,  which,  by  dissolving,  render  the  acid  yellow  or 
red  :  is  this  effect  the  resuit  of  the  direct  décomposition  of 
the  nitric  acid  into  oxygen  and  nitrous  acid,  or  deutoxide 
of  nitrogen  ?  or  rather  the  décomposition  of  the  water  con- 
tained  in  the  acid,  the  oxygen  of  which  appears  at  the 
positive  électrode,  whilst  the  hydrogen  deoxidizes  in  part 
the  acid,  at  the  négative  électrode  ?  What  would  seem  fa- 
vourable  to  the  second  hypothesis  is  that,  if  nitric  acid  is 

*  We  should  be  rather  disposed  to  admit  that  it  is  the  hjdrated  sulphate  of 
ammonia  that  is  decomposed,  since  while  the  hydrogen  of  the  ammonia  and  that 
of  the  water  are  liberated  at  the  négative  électrode,  sulphnric  acid,  the  ni- 
trogen of  the  ammonia,  and  the  oxygen  of  the  water  go  the  positive  électrode, 
and  that  there  perhaps  the  nascent  oxygen  décomposes  a  part  of  the  free 
ammonia  of  the  solution. 
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dissolved  in  an  equal  volume  of  water  or  more,  we  obtain 
on  the  négative  électrode  a  gaseous  libération,  the  quantity  of 
which  varies  according  to  the  différences  in  the  strength  of 
the  acid,  or  in  the  force  of  the  carrent  ;  and,  on  placing  a 
voltameter  in  the  same  circuit,  we  find  that  oxygen  is  libe- 
rated  equally  in  both  solutions,  which  seems  to  provç  that  in 
the  acid,  as  in  the  voltameter,  water  alone  is  decomposed. 
However,  thèse  conclusions  of  Faraday's,  as  we  shall  see,  are 
not  altogether  accurate.  According  to  the  same  author, 
fiulphuric  acid  is  not  directly  electrolysable  ;  but  in  certain 
cases,  sulphur  is  deposited  at  the  négative  électrode,  by  the 
reaction  of  the  hydrogen,  arising  from  the  décomposition  of 
the  water.  Hydrochloric  acid,  on  the  other  hand,  suffers  a 
direct  and  definite  décomposition,  as  do  also  hydriodic,  hy- 
drobromic,  and  hydrocyanic  acide;  this  follows  from  the 
comparison  of  the  hydrogen,  liberated  by  the  electrolysis, 
with  the  hydrogen  liberated  in  a  voltameter,  placed  in  the 
same  circuit 

But  what  is  especially  important  to  study  is  that  which 
takes  place  in  the  décomposition  of  a  saline  solution.  We 
hâve  seen  that  with  salts,  having  alkaline  or  earthy  bases,  we 
obtain  oxygen  and  acid  at  the  same  time,  at  the  positive 
pôle,  hydrogen  and  alkali  at  the  négative,  whence  it  seems  to 
follow,  that  the  water  and  the  sait  are  both  decomposed  at 
the  same  time.  Mr.  Daniell,  who  made  numerous  expéri- 
menta on  this  subject,  first  satisfied  himself  that  the  décompo- 
sition of  one  équivalent  of  water  is  accompanied  by  that  of 
an  exact  équivalent  of  the  saline  solution.  In  order  to  arrive 
at  this  resuit,  he  had  divided  a  voltameter,  by  means  of  a 
porous  partition,  into  two  equal  compartments,  one  of  which 
contained  the  positive  and  the  other  the  négative  électrode, 
and  both  of  which  were  filled  with  a  solution  of  sulphate  of 
soda,  which  covered  the  électrodes.  The  gases  hydrogen 
and  oxygen,  arising  from  electrolysation,  were  separately 
collected  and  measured  with  care  ;  then,  after  having  allowed 
the  experiment  to  continue  for  a  sufficiently  long  time,  he 
determined  exactly  the  quantity  of  free  acid,  that  was  found 
in  the  positive  compartment,  and  that  of  alkali  which  was  in 
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the  négative  ;  and  he  thus  found  that  there  was  an  équivalent 
of  each  at  the  same  time  that  there  was  an  équivalent  of 
water  decomposed.     He  had  previously  assured  himself  that 
the  porous  partition,  although  it  allowed  the  current  to  pass, 
dîd  not  sufFer  the  liquida  to  mix.     The  same  experiment  was 
repeated,  by  placing  in  the  circuit  an  ordinary  voltameter, 
chargea  with  a  solution  of  sulphuric  acid,  the  électrodes  of 
which  were  of  the  same  dimensions  as  those  of  the  voltameter 
of  two   divisions,  filled  with  sulphate   of  soda.      Now,  the 
quantities   of  gas    liberated    in   the  two  voltameters   were 
sensibly  equal  ;  and  there  was  found  besides  in  that,  in  which 
the  sulphate  of  soda  was  placed,  the  same  quantity  of  free 
acid  and  alkali.     Thus,  if  we  admit  that  the  current  décom- 
poses, at  the  same  time,  the  water  and  the  sulphate  of  soda, 
we  arrive  at  the  extraordinary  conclusion  that  the  same  cur- 
rent, which  séparâtes  only  one  équivalent  of  oxygen  from  one 
of  hydrogen,  in  one  of  the  voltameters,  is  able  to  separate  in 
the  same  time  in  the  other,  one  équivalent  of  oxygen  from  one 
équivalent  of  hydrogen,  and  one  équivalent  of  sulphuric  acid 
from  one  équivalent  of  soda.     What  is  curious  is,  that  the 
température  of  the  liquid  rises  considerably  in  the  vessel  in 
which  the  sulphate  of  soda  is  placed,  and  very  little  in  that 
in  which  is  the  acid  solution.     The  results  were  the  same,  on 
substituting  nitrate  of  potash  for  sulphate  of  soda.     By  sub- 
stituting  in  the  preceding  experiments,  sulphuric  acid  diluted 
with  water  for  sulphate  of  soda  in  the  cell  with  double  com- 
partments,   Daniell  established  a  very  decided  transport  of 
acid  to  the  positive  électrode  ;  and  he  found  that  there  passed  - 
about  the  fourth  of  an  équivalent  of  acid  for  an  entire  équiv- 
alent of  water  decomposed.     Faraday  had  previously  ob- 
tained   a  resuit  very  nearly  similar,  except  a  little  more 
powerful. 

It  remained  therefore  to  discover  how  the  current  acted  in 
the  double  décomposition  of  an  équivalent  of  water  and  of 
sait.  For  this  purpose,  Daniell  devised  to  place  in  the  same 
circuit,  in  which  the  voltameter  with  the  double  cell,  charged 
with  a  saturated  solution  of  sulphate  of  soda,  was  situated, 
some  chloride  of  lead,  retained  in  fusion  in  a  tube  by  means 
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of  a  spirit  lamp  ;  a  platinum  wire  served  as  a  négative  électrode 
to  the  chloride  and  a  small  rod  of  plumbago  as  positive 
électrode.     Now,  the  platinum  wire,  which  weighed  before 
the  experiment  5*44  grs.  attained  to  a  weight  of  27*1  grs., 
-which  makes  for  the  lead  alone,  that  foraied  a  very  distinct 
"button,  adhering  to  the  wire,  a  weight  of  21*66  grs.     In  the 
•voltameter  there  had  occurred  décomposition  at  once  of  a 
quantity  of  water  and  of  a  quantity  of  snlphate  of  soda, 
équivalent,  each  separately,  to  the  weight  of  chloride  of  lead 
decomposed.     This  experiment  therefore  shows  to  us  clearly 
that  we  cannot  admit  that  there  has  been  at  the  same  time 
direct  electrolysation  of  an  équivalent  of  water  and  of  an 
équivalent  of  sait  by  the  same  force,  that  electrolyses  an 
équivalent  of  chloride  of  lead.     To  the  support  of  this  con- 
clusion, we  will  note  also  the  following  fact,  that,  if  we  take 
a  plate  of  tin  for  positive  électrode  in  the  voltameter  with 
double  cells,  and  charge  this  voltameter  with  a  solution  of 
chloride  of  sodium  and  place  it  in  the  circuit,  still  with  the 
chloride  of  lead,  we  find  that  the  loss  in  weight  of  the  tin, 
which  is  attacked  by  the  chloride,  and  the  volume  of  hydrogen 
liberated  at  the  négative  platinum  électrode,  to  which  the 
soda  is  alsocarried,  representthe  décomposition  of  a  quantity 
of  chloride  of  sodium  exactly  équivalent  to  the  quantity  of 
chloride   of  lead   decomposed.     The  only  manner   for  ac- 
counting  for  this  resuit  is  to  admit  that  the  dissolved  chloride 
of  sodium  is   alone  decomposed,  that  the   chloride  is  ab- 
sorbed  by  the  tin,  and  that  the  sodium  being  carried  to  the 
négative  électrode  reacts  upon  the  water,  oxidises,  liberating 
its  équivalent  of  hydrogen,  which  is  nothing  more  than  a 
secondary  product,  due  to  an  effect  purely  chemical,  and  not 
to  the  direct  electrolysation  of  the  water. 

We  are  thus  led  to  regard  as  a  fundamental  principle  that 
the  electric  force,  which  we  measure  by  its  definite  action,  in 
any  point  of  the  circuit,  cannot  décompose  more  than  an 
équivalent  proportion  in  another  point  of  the  same  circuit  ; 
so  that  the  current  which  we  hâve  measured,  by  its  electro- 
lysation upon  the  chloride  of  lead,  cannot  be  at  the  same  time 
sufficient  to  electrolyse  one  équivalent  of  chloride  of  sodium, 
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and  one  équivalent  of  water  in  the  same  voltameter  between 
the  same  électrodes.     It  follows,  firom  this  manner  of  regard- 
ing  it,  that,  in  the  décomposition  of  the  dissolved  snlphate  of 
soda,  we  must  admit  that  the  snlphate  in  like  manner  is  alone 
decomposed  and  not  the  water  ;  that  the  oxygen  of  the  oxide 
of  sodium  goes  with  the  sulphuric   acid  to  the  positive 
électrode,  where  it  is  liberated,  whilst  the  sodium  is  carried  to 
the  négative  électrode,  where  it  décomposes  the  water,  and 
becomes  soda,  liberating  its  équivalent  of  hydrogen,  which  in 
like  manner  is  nothing  more  than  a  secondary  product 
With  salts,  whose  metallic  base,  such  as  lead  or  copper, 
is  incapable  of  decomposing  water  at  ordinary  températures, 
the  pure  métal  is  found  deposited  at  the  négative  électrode. 
This  deposit  is  a  direct  effect  of  décomposition,  and  it  is  not 
due,  as  has  long  been  assumed,  to  the  réduction  of  the  oxide, 
by  the  hydrogen  arising  from  the  electrolysation  of  the  water, 
which  would  hâve  occurred  at  the  same  time  as  that  of  the 
sait     Direct  experiments  made,  by  substituting,  for  solution 
of  snlphate  of  soda,  that  of  snlphate  of  copper  in  the  circuit, 
in  which  there  is  melted  chloride  of  lead,  confirm  this  ex- 
planation,  which  is  completely  in  accordance  with  the  ideas 
of  Davy  and  Dulong  on  the  composition  of  salts,  which  they 
regard  as   binary   compounds,   analogous   to  the  chlorides. 
Thus,  like  as  chloride  of  sodium   is  a  compound  of  one 
équivalent  of  chlorine   and   one   équivalent  of  sodium,    a 
snlphate  of  soda  is  a  compound  of  one  équivalent  of  oxy- 
mlphion,  and  one  équivalent  of  sodium,  —  an  équivalent  of 
oxysulphion  being  formed  of  one  équivalent  of  oxygen  and 
one  équivalent  of  sulphuric  acid.     We  see,  therefore,  that 
according  to  Daniell's  experiments,  Faraday's  ideas  on  se- 
condary actions,  due  to  the  direct  décomposition  of  water  in 
solutions,  must  be  modified,  as  we  hâve  anticipated. 

We  hâve  now  established,  with  Faraday,  the  law  of  the 
definite  action  of  the  current,  and  with  Daniell,  that  of  the 
immédiate  décomposition  of  salts,  dissolved  in  water.  Now, 
before  seeing  whether  Faraday's  law  extends  to  ail  classes 
of  compounds,  and  whether,  in  particular,  it  is  applicable  to 
those  in  the  décomposition  of  which  there  enters  more  than 
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one  équivalent  of  one  of  the  constituent  éléments,  we  shall 
tttrn  our  attention  to  considering  how  décomposition  is 
"brought  about,  when  two  or  more  electrolytes  are  mixed. 

M.  Matteucci  was  the  first,  after  Faraday,  who  by  numerous 
labours  followed  out  this  class  of  researches.  After  baving 
demonstrated  that  the  law  of  this  definite  action  of  the 
current  governs,  as  well  the  chemical  action  that  takes 
place  in  the  interior  of  the  pile  between  the  pairs,  as  that 
which  takes  place  between  the  pôles, —  an  important  point  for 
the  theory  of  the  pile, — he  had  proved  that  the  electrolysis  of 
combinations  of  oxides  with  acids  gives  the  same  équivalent  of 
métal,  as  that  of  the  oxides  themselves,  as  well  when  thèse 
combinations  are  dissolved  in  water,  as  when  they  are 
liquefied  by  heat  :  this  agrées  with  the  résulta  obtained  at  a 
later  period  by  Daniell. 

Indeed,  setting  out  from  the  law  discovered  by  Faraday, 
that  oxides,  chlorides,  iodides,  and  binary  combinations  in 
gênerai,  are  decomposed  into  their  équivalents,  M.  Matteucci 
bad  wished  to  détermine  what  would  take  place,  when  thèse 
combinations  were  of  the  second  order,  namely  salts.  Con- 
sequently,  he  had  submitted  successively  to  the  action  of  the 
current  acétate  of  lead,  both  melted  and  dissolved,  taking 
care  to  place  at  the  same  time  in  the  circuit  a  voltameter 
with  acidulated  water.  For  '366  cubic  inches  of  mixed 
gases,  which  correspond  to  '049  grains  of  water  decomposed, 
he  obtained  *58  grains  of  lead  at  the  négative  électrode,  as 
well  in  melted  as  in  dissolved  acétate,  which  corresponds  to 
1287,  the  équivalent  of  lead,  a  number  very  near  to  that, 
which  is  adopted  by  chemists.  He  had  made  the  same  experi- 
ment  upon  nitrate  of  silver,  and  he  had  found  for  '366  cubic 
inches  of  gaseous  mixture  in  the  voltameter,  *60  grains  of  silver, 
which  corresponds  to  1356  for  the  équivalent  of  silver;  melted 
and  dissolved  nitrate  gave  the  same  results.  Neutral  borate 
of  lead  melted  gave  for  '366  cubic  inches  of  the  mixture,  "58 
grains  of  lead  at  the  négative  électrode,  as  the  acétate  had 
done. 

The  reduced  métal  is  not,  therefore,  the  effect  of  a  secondary 
action,  arising  from  the  décomposition  of  water  ;  it  is  évident 
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that  salts  are  decomposed  directly,  as  well  when  they  are 
brought  to  the  liquid  state  by  tlieîr  solution  in  water,  as 
when  they  are  brought  to  it  by  the  effect  of  heat.  The  dif- 
férence, therefore,  that  exists  between  an  oxide  and  a  sait,  is 
that,  whilst  for  both  equally  there  is  an  équivalent  of  métal 
transported  to  the  négative  électrode,  there  is  for  the  sait  an 
équivalent  of  acid  transported  to  the  positive  électrode  with 
an  équivalent  of  oxygen.  M.  Matteucci  perfectly  satisfied 
himself  of  this,  by  taking  as  electrolytes,  neutral  benzoates, 
of  potash,  lime,  zinc,  lead,  and  silver,  which  are  ail  more  ot 
less  soluble  in  water,  whilst  benzoic  acid  itself  is  insoluble. 
This  acid  might  therefore  be  easily  collected  at  the  positive 
électrode  upon  filtering-papers,  then  properly  washed  and 
dried.  It  was  weighed,  and  for  its  weight  was  obtained  a 
number  very  nearly  equal  to  its  équivalent,  which  could 
easily  be  proved  by  collecting  and  measuring  the  other 
products  of  the  décomposition,  namely,  the  oxygen  and .  the 
base  of  the  sait  ;  only  a  small  quantity  of  benzoic  acid  disap- 
peared  by  the  fact  of  the  water  dissolving  a  little  of  it  ;  so  the 
number  obtained  was  slightly  lower  than  the  équivalent. 

M.  Matteucci  bas,  in  like  manner,  extended  Faraday's  law 
to  the  case  of  the  mixture  of  two  electrolytes,  by  showing 
that  they  are  both  decomposed  ;  the  sum  of  the  quantities  of 
each  of  them,  that  are  decomposed,  is  équivalent  to  the 
quantity  that  is  obtained,  by  decomposing  a  single  one,  by  a 
current  of  the  same  force  and  of  the  same  duration,  which 
proves  that  in  this  case  also,  the  chemical  action  of  the 
current  is  definite.  With  regard  to  the  proportion  of  each 
of  the  electrolytes  that  is  decomposed,  it  dépends  upon  their 
nature,  and  upon  the  proportion  itself  in  which  they  enter 
into  the  mixture.  Thus,  with  solutions  a  little  diluted  of 
hydro-chloric  and  hydriodic  acids,  of  chlorides  and  of  iodides, 
thèse  compounds  alone  were  decomposed,  whilst  the  water 
was  also,  when  its  proportion  in  the  solution,  together  with 
the  force  of  the  currents,  was  increased. 

M.  Becquerel,  senior,  who  had  also  turned  his  attention  to 
the  décomposition  of  mixtures,  had  thought  he  had  discovered 
in  it  a  means  of  measuring  affinities.      Having  mixed  to- 
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gether  nitrate  of  silver,  and  nitrate  of  copper,  in  a  proportion 

such  that  there  were  the  same  number  of  équivalents  of  each,he 

had  observed  that  the  nitrate  of  silver  alone  was  decomposed  ; 

in  like  manner,  in  a  similar  mixture  of  nitrate  of  lead  and 

nitrate  of  copper,  the  nitrate  of  copper  alone  was  decomposed. 

Bat  if  in  the  mixture  the  proportion  of  that  one  of  the  two 

nitrates  which  had  not  been  decomposed,  was  increased,  there 

arrived  a  moment  when  it  also  was  decomposed.     Thus,  on 

operating  upon  a  solution  which  contains  one  équivalent  of 

nitrate  of  silver,  equal  to  1*54  grs.,  it  was  necessary  to  add 

67  équivalents  of  nitrate  of  copper,  in  order  that  there  might 

be  at  the  négative  électrode  a  metallic  precipitate,  composed 

of  one  équivalent  of  each  of  the  two  metals.     M.  Becquerel 

hence  deduced  the  conclusion,  that  the  current  is  then  divided 

into  two  perfectly  equal  parts,  between  the  two  nitrates,  be- 

cause  there  is  produced  on  each  of  them  the  same  chemical 

effect  ;  and  that  it  overcomes  in  them  equal  résistances,  which 

are  the  affinities  existing  between  the  constituent  parts  of  the 

two  salts.     It  is  by  increasing  the  mass,  that  is  to  say  the 

number  of  the  particles,  exposed  to  the  action  of  the  current, 

of  that  one  of  the  nitrates  which  is  the  least  decomposable, 

that  we  arrive  at  this  equality  of  electrolytic  effects  ;  whence 

M.  Becquerel  concluded,  that  we  ought  to  find  in  the  relation 

of  the  masses  necessary,  in  order  to  there  being  an  équivalent 

of  each  decomposed,  the  measure  of  the  forces,  that  unité  the 

oxygen  and  the  nitric  acid  to  an  équivalent  of  silver  and  of 

copper.      We  cannot  conform  to  this  conclusion;  because, 

without  denying  that  affinity  may  play  a  part  in  the  resuit 

obtained,  it  is  incontestible  that  the  relative  conductibility  of 

the  two  mixed  nitrates  acts  a  much  larger  part  init;  and  that 

thèse  two  properties  seem  to  be  independent  of  each  other. 

The  influence  of  conductibility  in  the  phenomena  observed 
by  M.  Becquerel,  is  found  to  be  confirmed  by  the  researches 
that  M.  Matteucci  has  also  made,  but  following  a  différent 
method,  in  order  to  discover  the  relation  that  may  exist 
between  the  electrolysation  of  certain  combinations,  and  the 
chemical  affinity  of  the  éléments  of  which  they  are  formed. 
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We  have  already  seen  *  that  he  had  succeeded  in  showing 
that    ail   the    compounds    which,  melted  and   anhydrous, 
conduct  the  cnrrent  better  than  water,  are  always  better 
conductors  than  their  aqneons  solutions,    even  the  most 
concentrated  ;  and  that,  in  order  that  two  aqneons  solutions 
of  two  compounds  shall  have  the  same  conductibility,  it  is 
necessary  that  the  one,  whose  compound  is  the  worst  conductor 
in  the  state  of  fusion,  should  be  the  most  concentrated.     Now 
on  operating  in  the  same  manner,  he  found  that  that  which  is 
true  for  conductibility,  is  true  also  for  electrolysation.     Thus, 
if  two  voltameters  are  placed  parallel  in  the  same  circuit  as 
an  ordinary  voltameter  with  acidulated  water,  it  is  found,  for 
example,  that  one  équivalent  of  nitrate  of  silver  on  the  one 
part,  and  four  équivalents  of  nitrate  of  lead  on  the  other  part, 
added  to  100  grs.  of  water,  give  two  solutions  equally  elec- 
trolysable  ;  we  have  for  *732  cub.  in.  of  gaseous  mixture  in 
the  principal  voltameter  "617  grs.  of  lead,  and  «585  grs.  of 
silver  in  each  of  the  other  two.     In  like  manner,  it  requires 
2£  équivalents  of  nitrate  of  copper,  and  1  of  nitrate  of  silver, 
in  order  to  obtain  two  liquids  equally  electrolysable.     In  ail 
cases,  it  follows,  as  a  matter  of  course,  that  the  sum  of  the 
équivalents  of  the  two  metals  is  equal  to  the  équivalent  of 
hydrogen  liberated  in  the  principal  voltameter,  which  is 
always  placed  in  the  circuit.     We  see  that  the  proportions 
found  by  M.  Matteucci  are  very  différent  from  those  of 
M.  Becquerel,  which  proves  that  the  mutual  action  of  the 
two  mixed  salts  exercises  an  influence  over  the  resuit     The 
solvent  has  also  an  influence,  although  the  body  dissolved 
is  alone  decomposed:  two  solutions  of  nitrate  of  silver  of 
the  same  density,  one  in  alcohol  and  the  other  in  water, 
the    former    containing    consequently  much   more   nitrate 
than  the  latter,  being  each  placed  in -one  of  the  partial 
voltameters,  give,  the  former,  #877  grs.  of  silver,  the  latter, 
•862  grs.,  numbers  almost  equal,  and  the  sum  of  which 
corresponds  to  1*09  cub.  in.  of  the  gaseous  mixtures,  arising 
from  the  décomposition  of  water,  in  the  principal  voltameter. 

*  Vol.  IT.  p.  119.  and  following. 
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The  two  solutions  are  therefore  equally  electroly sable;  and 
y  et  they  contain  in  the  same  volume  very  différent  quantities 
of  nitrate  of  silver,  which  is  the  cause  of  their  having  the 
same  density. 

In  order  to  compare  the  electrolysation  of  différent  com- 
pounds,  M.  Matteucci  always  proceeds  in  the  same  manner, 
namely,  by  placing  in  the  circuit  a  principal  voltameter,  filled 
with  water,  acidulated  with  sulphuric  acid  to  the  maximum  of 
conductibility  (1-232  of  density)  ;  then,  in  succession,  parallel 
to  each  other,  so  that  the  current  may  divide  equally  between 
them,  a  second  voltameter  similar  to  the  former,  and  the  dis- 
solved  or  melted  substance,  that  is  the  subject  of  the  experi- 
ment.  When  this  substance  is  protoxide  or  iodide  of  lead, 
chloride  or  nitrate  of  silver,  it  transmits  ail  the  current,  and 
none  passes  through  the  secondary  voltameter  ;  with  chloride 
or  acétate  of  lead,  there  is  a  décomposition  in  the  secondary 
voltameter,  more  powerfal  with  the  acétate  than  with 
the  chloride,  which  would  indicate  that  it  is  less  electro- 
lysable.  By  substituting  melted  acétate  of  lead  for  the 
secondary  voltameter,  he  found  with  oxide  of  lead,  placed 
parallel,  for  *732  cubic  in.  of  gaseous  mixture  in  the 
principle  voltameter,  *138  to  #154  grs.  in  the  acétate,  and 
•924  grs.  in  the  oxide;  with  nitrate  of  silver,  *061  grs.  of 
lead  in  the  acétate,  and  1*07  grs.  in  the  nitrate.  Thus  free 
oxide  of  lead  is  more  electrolysable  than  the  same  oxide 
combined  with  the  acid  ;  and  nitrate  of  silver  is  still  more  so. 
By  comparing  successively  the  chlorides  of  lead  and  silver 
with  the  acétate,  he  found  '154  grs.  of  lead  in  the  acétate, 
andconsequently  about  '924  grs.  in  the  chloride;  whilst  with 
chloride  of  silver,  the  acétate  is  not  decomposed.  Iodide  of 
lead  gives  very  nearly  the  same  resuit  as  the  chloride  and  the 
oxide,  which  proves  that  certain  compounds  are  equally  elec- 
trolysable. On  the  other  hand,  if  we  place  parallel  with  acé- 
tate of  lead  protochloride  of  tin,  we  always  obtain  for  *732 
cubic  in.  of  the  gaseous  mixture  in  the  principle  voltameter, 
•985  grs.  of  lead  in  the  acétate,  and  scarcely  '046  grs.  of  tin 
in  the  protochloride. 

M.  Matteucci  concluded  from  ail  thèse  facts,  that  com- 
pounds more  easily  allow  themselves  to  be  decomposed, 
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as  the  chemical  affinity  by  which  their  éléments  are  nnited 
is  less  powerful,  which  is  the  converse  of  Faraday's  opinion, 
who  considéra,  on  the  contrary,  that  the  most  electroly- 
sable  compounds  are  those  whose  éléments  hâve  the  greatest 
affinity.  With  regard  to  ourselves,  we  are  able  to  see, 
in  thèse  varions  phenomena,  nothing  more  than  the  resuit 
of  the  greater  or  less  résistance,  which  the  varions  liquids 
présent  to  the  transmission  of  the  current  and  consequently 
to  their  electrolysation  ;  properties,  the  relationship  of  which 
is  ignored,  if  indeed  it  has  any  existence  ;  it  is  even  a  point, 
npon  which  conjecture  differs  altogether,  since  we  see  that 
Faraday  and  Matteucci  hâve  in  this  respect  diametrically  oppo- 
site opinions.  However,  it  wouldseem  that  combinaisons,  such 
as  pure  water,  whose  éléments  hâve  the  greatest  affinity  for 
each  other,  would  indeed  be  those  that  hâve  the  least  con- 
ducting  power,  and  which  are  consequently  the  least  electro- 
lysable. 

Another  question,  that  hère  présents  itself,  is  to  ascertain 
whether  the  compounds  formed  by  the  combination  of  one 
équivalent  with  two  or  several  équivalents  are  decomposable, 
like  those  which  resuit  from  the  combination  of  one  équiva- 
lent with  a  single  équivalent;  and  in  the  case  in  which 
they  might  be  decomposable,  what  is  the  law  by  which 
their  electrolysation  is  governed.  Two  philosophera,  MM. 
Matteucci  and  Becquerel,  hâve  equally  studied  this  important 
point. 

Mr.  Faraday  had  thought  that  compound  salts,  decompo- 
sable by  the  current,  were  those  that  are  formed  of  the  com- 
bination of  one  équivalent  of  one  élément  with  a  single 
équivalent  of  another  ;  not  that  they  are  ail  necessarily  so, 
since  there  are  several,  such  as  the  chloride  of  sulphur,  the 
protochloride  of  phosphorus,  that  of  carbon,  which  are 
not  so,  not  being  conductors;  but  Faraday  allowed  that 
they  alone  would  hâve  been  susceptible  of  being  electrolysed, 
whilst  the  compounds,  formed  of  one  équivalent  with  two 
or  several  équivalents,  would  be  neither  conductors  nor 
electrolysable  ;  two  alone  would  be  conductors  exceptionably, 
periodide  and  perchloride  of  mercury;  but,  although  con- 
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ducting  the  current,  they  would  not  be  decomposed  by  it     M, 
Matteucci,  in,  examining  tbis  point  more  closely,  has  succeeded 
notwithstanding  in   decomposing  combinations,  into  wbich 
there   enter  more  tban  two  équivalents.      The  bodies,  to 
which  bis  expérimenta    bava  been  directed,  were    proto- 
chloride   of  antimony   and   the    two   chlorides   of    copper. 
The  first  could  be  placed  in  a  state  of  fusion  in  the  circuit 
•with  a  voltameter;   and  experiment  gave   a  libération   of 
chlorine  at  the  positive  électrode,  and  *123  grs.  of  antimony 
at  the  négative,  for  a  gaseous  libération  of  '366  cub.   in. 
ïn  the  voltameter,  which  corresponds  to  '079  grs.  of  water 
decomposed.*    Now  thèse   *123  grs.  of  antimony  represent 
only  a  third  the  number,  that  is  the  équivalent  of  that  métal, 
for  one  équivalent  of  water  decomposed.     With  regard  to  the 
two  chlorides  of  copper,  as  they  attacked  the  électrodes  of  gold 
and  platinum,  it  was  necessary  to  dissolve  them  in  water; 
very  concentrated  solutions  of  them  were  made,  and  he  was 
able  to  establish,  by  comparing  their  electrolysis  with  that 
of  the  water  of  the  voltameter,  that  they  were  truly  decom- 
posed directly,  the  more  so  as  there  was  only  chlorine,  and 
no  oxygen,  at  the  positive  électrode.     At  the  négative  élec- 
trode was  obtained  one  équivalent  of  copper,  with  the  pro- 
tochloride,  but  only  half  an  équivalent  with  the  bichloride. 

M.  E.  Becquerel,  by  operating  upon  the  dissolved  chlorides, 
both  that  of  antimony,  as  well  as  that  of  copper,  has  obtained 
for  thelatter  the  same  resuit  as  did  M.  Matteucci  ;  but  for  the 
former,  he  has  found  there  was  deposited  on  the  négative  élec- 
trode f  of  the  équivalent  of  antimony.  He  attributed  the  great 
différence,  that  exists  between  his  resuit  and  that  of  Matteucci, 
to  the  fact,  that,  in  the  experiments  of  this  latter  philosopher, 
the  chlorine  attacks  and  redissolves  a  part  of  the  antimony. 
In  order  to  be  secure  from  this  inconvenience,  M.  E.  Becquerel 
arrangea  his  apparatus  so  as  to  place  the  two  électrodes  in 
two  différent  vessels  filled  with  the  same  solution,  causing  the 

*  In  a  subséquent  experiment,  M.  Matteucci  found,  for  '576  cub.  in.  of 
gaseous  mixture  in  the  voltameter,  -208  grs.  of  antimony.  He  also  sometimes 
arrired  at  a  higher  number  ;  and  he  discovered  that  fresh  expérimenta  are 
necessary,  in  order  satisfactorily  to  establish  the  law  of  the  décomposition  of 
this  body,  so  difficult  of  electrolisation  by  direct  means. 
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two  liquida  to  communîcate  by  means  of  a  lïttle  syphon, 
which  is  charged  when  the  vessels  are  filled.  In  the  annexed 
figure  (235.)^  the  two  glasses  are  placed  upon  the  plate  of 
an  air  pump,  and  covered  wîth  a  receiver,  fdrnished  with 
a  stop-cock  and  pierced  with  two  openings,  which  allow 


Fig.  235. 

of  the  introduction  by  each  of  a  wire  into  the  receiver, 
so  as  to  place  the  decomposing  plates  in  the  circuit  by 
means  of  two  small  cups  filled  with  mercury.  The  né- 
gative électrode  is  of  platinum,  and  the  positive  may  be  of 
différent  metals.  The  apparatus  communicates  with  a  volta- 
meter  placed  outside  the  receiver  ;  for  the  latter  is  used  for 
making  a  vacuum  in  order  to  protect  the  electrolytic  liquida, 
which  are  altérable  in  the  air,  and  to  place  them  within 
another  gaseous  médium.  In  the  case  in  which  melted  and 
not  dissolved  chlorides  are  operated  upon,  this  apparatus 
cannot  be  employed;  for  it  is  necessary  to  retain  the  two 
électrodes  in  the  middle  of  the  mass*  and  to  operate  rapidly. 
The  following  are  two  experiments,  made  in  this  manner  by 
Jl.  E.  Becquerel  :  — 


Gai  llberated  In  a  Volta- 
meter  at  0  &  30  in. 

Weight  of  Water  de- 
composed. 

AntimoDT  at  the  Neg  «tire 
Electrode. 

2*989  cub.  in. 
5*561        „ 

'331  grs, 

•755    „ 

• 

1-63  gw. 
3-58    „ 
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Now,  the  équivalent  of  antimony  is  806*45,  that  of  water 

beîng  112*5  ;  in  order  that  an  équivalent  of  antimony  should 

be  deposited,  it  would  be  necessary  that  there  should  be  at 

806-45 
the  négative  pôle  in  the  first  experiment  *331  x  .^.g  = 

806*45 
2-372  grs.  ;  and  in  the  second  *755  x  ,,0*5    as  5 '4 12  grs. 

If  we  take  §  of  thèse  two  numbers,  we  find  1*581  grs.,  and 
3*608  grs.  ;  the  numbers  nearly  given  by  the  experiment 

The  expérimenta  that  précède,  as  well  as  those  made  upon 
several  other  chlorides,  both  simple  and  compound,  such  as 
the  bichloride  of  tin  and  the  perchloride  of  iron,  hâve  led 
M*  E.  Becquerel  to  admit  that,  for  an  équivalent  of  water  de- 
composed,  or,  which  cornes  to  the  same  thing,  for  one  équiva- 
lent of  electricity  employed,  it  is  always  one  équivalent  of 
chlorine  that  is  disengaged  at  the  positive  électrode,  and  con- 
sequently  a  correspondu^  quantity  of  base  at  the  négative 
électrode»  This  is  the  reason  why,  with  the  chlorides  of 
sQver,  tin,  iron,  there  is  one  équivalent  of  métal  for  one 
équivalent  of  chlorine  ;  the  same  with  the  bichloride  of  copper, 
ail  the  chlorides  containing  one  équivalent  of  chlorine,  and 
one  équivalent  of  métal  ;  but  with  the  protochloride  of  copper, 
which  contains  two  équivalents  of  copper  for  one  of  chlorine, 
there  are  two  équivalents  at  the  négative  électrode  for  one 
of  chlorine  at  the  positive  ;  with  perchloride  of  iron,  and  per- 
chloride of  antimony,  each  of  which  contains  two  équivalents 
of  métal  for  three  of  chlorine,  or,  which  cornes  to  the  same 
thing,  f  of  an  équivalent  of  métal  for  one  of  chlorine,  we 
obtain  at  the  négative  électrode  only  f  of  the  équivalent  of 
métal,  for  one  équivalent  of  chlorine  at  the  positive. 

M.  E.  Becquerel  thought  he  might  be  able  to  extend  the 
law  that  he  had  found  for  the  chlorides,  to  the  iodides  and 
the  bromides,  as  well  as  to  oxides  and  to  salts,  so  that  there 
is  always  one  équivalent  of  the  acid  élément  (composed,  in  the 
case  of  salts,  of  one  équivalent  of  oxygen,  and  one  équivalent 
of  acid),  which  goes  to  the  positive  électrode,  and  one  corre- 
sponding  quantity  of  base  to  the  négative.  It  was  by  operating 
upon  the  salts  of  lead,  such  as  the  nitrates,  the  nitrites,  and 
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the  hyponitrites,  that  he  proved  the  existence  of  the  law  for 
salts  ;  he  has  also  verified  it  with  two  salts  of  copper,  sub- 
mitted  to  the  action  of  the  same  current,  and  one  of  which, 
the  hyposulphite  of  the  protoxide  of  copper,  gave  *8 162  grains 
of  copper  at  the  négative  électrode,  whilst  the  nitrate  of  bi- 
oxide  of  copper,  placed  in  the  same  circuit,  gave  only  #4<XH 
grains,  that  is  to  say,  one-half  less  :  he  obtained  the  same 
resuit  with  the  protoxide  and  bîoxide  of  copper,  dissolved  in 
ammonia. 

We  ought  to  bear  in  mind,  that,  notwithstanding  the  labours 
of  MM.  Matteucci  and  E.  Becquerel,  there  is  ranch  to  be 
done  in  order  to  discover  the  exact  mode  of  the  action  of 
electricity  upon  compounds,  into  the  formation  of  which 
more  than  two  équivalents  enter  ;  unfortunately,  the  number 
of  thèse  compounds,  which  are  conductors  and  susceptible  of 
being  electrolysed,  is  very  inconsiderable.  <  There  are  even 
some  among  those  that  M.  E.  Becquerel  employed,  which, 
like  the  bichloride  of  tin,  do  not  conduct  the  current,  even 
when  they  are  melted  ;  and  although  in  the  state  of  solution 
they  become  conductors,  this  can  only  be  on  account  of  their 
having  undergone  some  altération,  in  combining  with  water. 
We  are  not  therefore  very  certain  that  thèse  chlorides  are 
decomposed  directly,  and  that  there  do  not  happen  some  of 
those  secondary  actions,  which  are  so  difficult  of  détection, 
and  which  disturb  the  simplicity  of  the  results.  M.  E.  Bec- 
querel himself  points  out  some  examples,  in  the  décomposition 
of  numerous  acétates  of  lead,  which  is  almost  always  the 
resuit  of  a  secondary  effect. 

We  shall  terminate  this  paragraph  by  retuming  to  a  point 
upon  which  ail  the  philosophers,  who  hâve  directed  their 
attention  to  electrolysis,  as  well  MM.  Matteucci  and  E. 
Becquerel,  as  Mr.  Daniell,  are  agreed,  nameJy,  the  manner 
of  regarding  the  décomposition  of  salts  and  of  acidulated 
water.  With  regard  to  that  of  salts  we  hâve  already  shown, 
that  it  is  the  métal  and  not  the  oxide,  except  in  certain  ex- 
ceptional  cases,  which  we  shall  examine  in  the  following 
paragraph,  that  is  transported  to  the  négative  électrode.  It 
is  thus  explained,  why,  when  salts  are  decomposed,  whose 
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oxides  are  not  soluble,  such  as  those  of  magnesia  and  zinc, 

"by   placîng  their   solutions  at  the  positive  électrode,  and 

xnaking  them  communicate  by  a  moist  conductor  with  dis- 

tilled  water,  into  which  the  négative  électrode  is  plunged,  it 

is  foond  that  the  magnesia  and  the  oxide  of  zinc  are  arrested 

at  their  entrance  into  the  distilled  water,  where  they  remain 

ïn  suspension,  instead  of  going  on  to  the  négative  électrode. 

It  is  clear  that  magnésium  and  zinc,  which  in  their  saline 

solutions  were  transported  from  the  -h  pôle  to   the  —  pôle, 

exchanging,  according  to    the    theory  of    Grotthus,  from 

molécule  to  molécule,  their  oxygen  and  their  acid,  so  as 

always  to  form  a  soluble  sait,  on  arriving  at  the  water,  find 

nothing  more  than  oxygen  without  acid  ;  it  is  therefore  no 

longer  a  sait  but  an  oxide  that  is  formed  ;  and  as  this  oxide 

is  not  soluble,  it  goes  on  no  further  ;  it  is  then  the  hydrogen 

of  the  first  molécule  of  water,  that  has  met  the  magnésium  or 

the  zinc,  which  travels  in  their  place  by  way  of  exchange 

from  molécule  to  molécule  as  far  as  the  négative  électrode. 

Suppose,  for  example  (fig.  236.),  six  consécutive  molécules 


♦-€♦-€ 


./ 


•D  Pi  3  3 


;/ 


Fig.  236. 


of  which  Nos.  1, 2,  and  3.  (sulphate  of  magnesia)  are  composed 
of  4  équivalents  of  oxygen,  1  équivalent  of  sulphur,  and  1 
equi valent  of  magnésium  *,  and  the  Nos.  4,  5,  and  6.  (water) 
are  composed  of  the  oxygen  équivalent,  and  the  hydrogen 
équivalent  :  the  current  passes,  polarises  them,  and  décom- 
poses them.  The  4  équivalents  of  oxygen  and  the  équivalent 
of  sulphur  of  the  molécule  No.  1.,  are  liberated  under  the 

•  The  whito  circlc  and  the  semicirclcs  represent  magnésium  and  hydrogen; 
the  grey,  oxygen  ;  and  the  hlack,  sulphur. 
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form  of  sulphuric  acid  and  oxygen  at  the  positive  électrode, 
and  the  équivalent  of  hjdrogen  of  the  molécule  No.  6.  at  the 
négative  électrode.  The  magnésium  of  No.  1.  combines  with 
the  oxy-sulphion  of  No.  2.,  the  magnésium  of  No.  2,  with  the 
oxy-sulphion  of  No.  3.,  the  magnésium  of  No.  3.  with  the 
oxygen  of  No.  4.,  the  hydrogen  of  No.  4.  with  the  oxygen  of 
No.  5.,  and  the  hydrogen  of  No.  5.  with  the  oxygen  of  No.  0. 
There  are  then,  therefore,  no  more  than  five  molécules,  the 
third  of  which,  oxide  of  magnésium,  remains  suspended  in 
the  liquid.  The  lower  séries  of  molécules  of  fig.  236.  repré- 
senta thèse  molécules  at  the  moment  of  the  exchange  of  their 
constituent  parts,  and  before  they  hâve  been  polarised  anew 
by  the  current,  as  they  are  in  the  upper  séries.  If  the  oxide 
is  soluble,  like  that  of  sodium  or  potassium,  the  phenomenon 
takes  place  in  the  same  manner,  only  the  potassium  and  the 
sodium  dissolve,  in  proportion  as  they  arrive  in  the  water  ; 
but  it  is  very  easy  to  prove  that  it  is  at  the  points  of  contact 
between  the  saline  solution  and  the  water,  and  not  at  the 
électrode,  that  they  are  first  deposited. 

M.  E.  Becquerel  has  explained  in  a  very  ingénions  manner, 
by  the  same  theory,  the  mode  in  which  the  décomposition  of 
oxygenated  water  is  brought  about  :  a  very  interesting  experi- 
ment,  that  he  has  made  by  placing  oxygenated  water  in  a  small 
glass,  and  taking  as  a  positive  électrode  a  platinum  wire,  which 
passes  into  a  glass  tube  closed  by  a  spirit  lamp,  so  that  the 
very  fine  end  of  the  wire  is  alone  employed  to  décompose  the 
liquid  ;  there  is  then  placed  over  the  wire  a  small  graduated 
receiver,  and  the  oxygen  alone  is  collected.  An  ordinary 
water  voltameter  is  at  the  same  time  placed  in  the  circuit. 
The  folio wing  is  the  comparative  resuit  of  two  experiments:  — 


OXYGBNATBD  WaTHL 

OlOINABT  WaTU. 

Gai  liberated. 

Gai  liberated. 

lst  Exp. 

18 -5  oxygen. 

9*3  oxygen. 
18*6  hydrogen. 

2nd  Exp. 

26     oxygen. 

13*2  oxygen. 
24*8  hydrogen. 

We  perceive  that,  in  the  oxygenated  water,  there  is  libe- 
rated double  as  much  oxygen,  at  the  positive  électrode,  as  in 
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ordinary  water.    At  first  sight  this  resuit  seems  in  opposition 

to  the  law  establîshed  by  M.  E.  Becquerel  for  theelectrolysis 

of  multiple  compounds,  in  virtue  of  whîch  there  is  alwaysone 

équivalent  of  oxygen,  chlorine,  or  acid  for  one  équivalent  of 

electricity  or  of  water  decomposed  ;  now,  we  find  two  in  the 

oxygenated  water,  instead  of  one.    But,  if  we  regard  -  the 

oxygenated  water,  as  we  hâve  done,  for  saline  solutions,  as 

the   combination  of  one    équivalent   of   water   with    one 

équivalent  of  oxygen,  the  équivalent  of  oxygen  accompanying 

the  place  of  acid,  the  base,  which  is  the  hydrogen,  goes  to  the 

négative  électrode,  whilst  the  two  équivalents  of  oxygen,  one 

of  which  occupies  the  place  of  the  oxide,  go  to  the  positive 

électrode.    The  same  thing  takes  place  hère  as  with  acidu- 

lated  water,  which  may  be  regarded   as  an  hydrate    of 

sulphuric  acid  ;  for  example,  the  hydrogen  of  this  hydrate 

being  deposited  at  the  négative  électrode,  whilst  its  oxygen 

and  acid  are  liberated  at  the  positive.     This  is  demonstrated 

by  the  numerous  experiments  made  upon  this  subject,  by 

varions  philosophera,  and  especially   by  Daniell   and    by 

Miller.* 

Apparent  Exceptions  to  the  Laws  of  Electrolysis,  and  Confirma- 
tion of  thèse  Laws. 

We  hâve  been  establishing  the  law  of  the  definite  chemical 
action  of  thé  current,  which  consista  in  this,  that  a  same 
quantity,  namely,  one  équivalent  of  electricity,  always  dé- 
composes one  équivalent  of  an  electrolyte.  We  hâve  seen 
that  this  law,  which  is  gênerai,  when  the  combination  sub- 
mitted  tp  electrolysis  is  composed  of  only  two  équivalents, 
must  necessarily  be  modified  in  the  cases,  in  which  there  enter 
into  the  compound  more  than  one  équivalent  of  one  of  its 
éléments.  We  hâve  noticed  that,  notwithstanding  the  labours 
of  MM.  Matteucci  and  E.  Becquerel,  a  fresh  examination  is 
still  necessary,  in  order  to  recognise  ail  the  modifications 
which  the  law  must  undergo  in  this  case,  and  which  are 

*  For  furthcr  détails  see  the  final  note  E. 
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probably  différent  in  the  various  compounds  with  multiple 
proportions. 

If  we  set  ont  with  the  idea  laid  down  in  the  outset  by 
Faraday  that  the  current,  which  acts  in  electrolyses,  is  only 
the  chemical  force  put  into  circulation  and  transporte*!  integraMy 
from  one  point  to  another,  tmder  theform  of  current  and  acdng 
at  a  distance  instead  ofacting  only  at  contact,  the  law  of  electro- 
chemical  équivalents  is  a  necessary  and  rigorons  conséquence 
of  this  ;  for  the  same  chemical  force  must  décompose  every- 
where  an  équivalent  of  the  compound  body.     However,  this 
law  is  frequently  disguised  by  a  crowd  of  circumstances,  in 
the  midst  of  which  it  becomes  so  difficult  a  matter  to  discern  it, 
that  its  generality  has  been  placed  in  doubt     Thus  it  has 
been  thonght  that,  among  compound  bodies,  there  were  some 
which  might  conduct  the  current,  after  the  fashion  of  metals, 
without  being  decomposed  ;  we  hâve  been  led  to  admit  that, 
in  a  great  number  of  cases  of  electrolysis,  the  two  pôles  pos- 
sessed  an  unequal  power  of  decomposing  and  of  transport  ; 
in  a  word,  many  anomalies  and  exceptions  to  the  electrolytic 
law  hâve  been  pointed  out.     But,  in  studying  them,  we  are 
about  to  show  that  they  are  only  apparent,  and  that  they  may 
ail  be  explained,  by  taking  account  of  the  secondary  actions, 
that  arise  from  the  libération  of  the  éléments  which,  in  a 
nascent  state,  hâve  a  chemical  activity  altogether  peculiar, 
and  form  modifications  that  areconstantly  accruing,  to  the  very 
nature  of  this  electroly te,  which,  consequently,  cannot  remain 
identical,  by  the  opération  of  new  substances,  arising  either 
directly  or  indirectly  from  the  electrolysis.     It  is  especially 
to  the  variations  of  conductibility  which  occur  in  the  différent 
parts  of  the  electrolytes  of  this  appearance,  that  the  principal 
apparent  anomalies  are  due. 

Faraday  was  himself  the  first  to  indicate,  as  forming  an 
exception  to  the  electrolytic  law,  that  he  had  discovered 
certain  compounds,  such  as  sulphuret  of  silver,  and  bi-iodide 
of  mercury,  as  capable  of  conducting  the  current,  when  their 
température  was  raised,  without  being  decomposed.  Thèse 
exceptions,  and  others  also  of  the  same  kind,  hâve  disappeared, 
thanks  to  the  researches  of  M.  Hittorff,  and  of  M.  Beetz. 
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The  former  has  fband  that  sulphuret  of  silver  is  decomposed, 
even  at  the  ordinary  température*:  there  forms,  at  the  négative 
électrode,  a  brilliant  spot  of  metallic  silver,  which  always  re- 
mains  very  small,  becauBe  the  sulphur,  deposited  upon  the 
positive  électrode,  is  not  long  in  arresting  the  current,  at 
least  when  this  électrode  is  neither  silver  nor  another  métal, 
capable  of  combining  with  sulphur.  If  the  opérations  are 
carried  on  at  a  high  température,  the  sulphuret  becomes  as 
good  a  conductor  as  a  métal  ;  and  yet,  even  after  an  experi- 
ment  of  long  duration,  there  is  but  a  small  quantity  of  sul- 
phuret decomposed;  and  the  reduced  silver  is  far  firom  being 
équivalent  to  the  hydrogen  released  in  a  voltameter  placed 
in  the  same  circuit  This  is  due  to  the  circumstance  that  the 
silver,  reduced  to  the  metallic  state  by  electrolysis,  finishes 
by  establishing  between  the  two  électrodes  a  communication, 
by  which  the  current  passes  entire.  It  is  true  that  the  in- 
crease  of  conductibility  disappears,  when  the  sulphuret  returns 
to  the  ordinary  température  ;  but  this  effect  is  due  to  the 
rupture  of  metallic  communication  by  the  cooling  of  the  mass  ; 
it  is  indeed  impossible  to  admit  that  the  sulphuret  can,  at  an 
elevated  température,  transmit  the  current  without  being  de- 
composed ;  for,  if  we  take  as  a  positive  électrode,  a  plate  of 
zinc,  or  of  any  other  métal  that  is  not  able  to  combine  with 
sulphur,  some  sulphur  is  always  deposited  upon  this  électrode, 
whatever  be  the  température  at  which  the  experiment  is 
made  ;  the  sulphuret  of  silver,  therefore,  never  ceases  to  be 
decomposable  by  the  current,  and  the  great  increase  of  con- 
ductibility, that  it  présents  at  high  températures,  when  the 
positive  électrode  is  of  silver  or  of  platinum,  is  merely  due 
to  the  establishment  of  a  direct  metallic  communication 
between  the  two  électrodes.  The  sub-sulphuret  of  copper 
and  the  protosulphuret  of  tin  présent  the  same  phenomena 
as  the  sulphuret  of  silver.     M.  Hittorff,  in  operating  on  the 

*  Faraday  himself,  in  pointing  ont  the  fact  that  the  simple  élévation  of 
température,  arising  from  the  passage  of  the  current,  was  sufficient  to  increase 
the  conductibility  of  sulphuret  of  silver,  observed  that  there  is  formed  at  the 
positive  électrode,  a  slight  depœit  (of  sulphur),  which  preyents  the  transmission 
of  the  current,  and  which  can  only  be  attributed  to  the  electro-chemical  dé- 
composition of  the  sulphuret. 
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first  of  thèse  salphurets  sheltered  from  contact  with  the  air, 
has  observed  that  its  conductibility  increased  rapidly  in  pro- 
portion  as  its  température  was  raised  ;  and  he  recognised  that 
when  the  current  has  traversed  it  for  a  certain  time,  there  is 
some  free  copper  at  the  négative  électrode,  and  that  the 
solphnr  liberated  at  the  positive,  has  cansed  the  sub-sulphuret 
to  pass  into  the  state  of  mono-sulphuret.  The  formation  of 
this  mono-sulphuret,  which  is  a  conductor,  and  the  manner 
in  which  the  copper  is  deposited  npon  the  négative  électrode 
in  slender  filaments,  which  advance  towards  the  positive, 
notably  diminish  the  length  of  the  column  of  sulphuret, 
really  traversed  by  the  carrent,  and  explain  the  considérable 
increase  of  conductibility  that  is  manifested,  and  that  is  de- 
stroyed  only  in  part,  when  we  return  to  the  ordinary  tem- 
pérature. 

M.  Beetz,  on  his  part,  has  proved,  as  M.  Hittorff  had 
done  for  sulphuret  of  silver,  that  the  bi-iodide  of  mercury  i$ 
decomposed  by  the  current,  as  soon  as  it  is  capable  of  trans- 
mitting  it     With  this  view,  after  having  purified  this  corn-* 
pound  by  a  double  sublimation,  he  introduced  it  into  a  glass 
tube  which  he  had  dried,  and  the  two  ends  of  which  he  had 
closed  at  the  lamp,  after  having  introduced  into  it  two  pla- 
tinum  wires,  in  order  to  place  the  bi-iodide  in  the  circuit,  in 
which  he  had  also  placed  a  galvanometer,  having  a  single 
needle  that  was  not  very  sensitive,  and  a  voltameter  charged 
with  a  sait  of  silver*     The  bi-iodide  was  heated  in  a  sand- 
bath  ;  at  212°,  it  began  to  become  a  conductor.  At  the  same 
time  that  it  acquired  the  yellow  colour,  and  experienced  a 
commencement  of  fusion,  traces  of  décomposition  became 
sensible  by  the  property,  which  the  platinum  électrodes  ac- 
quire  of  themselves,  giving  rise  to  a  current,  —  a  property 
termed  polarisation,  and  of  which  we  shall  speak  in  the 
following  paragraph.  The  bi-iodide  having  become  altogether 
liquid,  M.  Beetz  caused  a  current  to  pass  through  it  for 
fourteen  hours,  taking  care  to  maintain  the  same  température  ; 
during  the  whole  of  this  time,  the  needle  of  the  galvanometer 
maintained  the  same  déviation,  and  at  the  termination  of  this 
experiment,  0*162  grs.  of  silver  were  found  reduced  in  the 


Digitized  by 


Google 


CBAP.  m.  EFFECTS  OF   DYNAMIC  ELECTBICITT.        379 

voltameter.  However,  the  tube  that  contained  the  bi-iodide 
having  been  broken,  no  trace  of  mercury  was  perceived  at 
the  négative  wire;  but  the  mass  had  become  black  around 
the  positive  wire  ;  and  upon  thro wing  some  fragments  of  it  upon 
paper  impregnated  with  starch,  the  appearance  was  mani* 
fested  of  the  violet  colour,  which  indicated  the  présence  of 
pure  iodine,  whilst  proto-ioduret  was  found  at  the  négative 
électrode.  It  was  a  difficult  matter  to  détermine  accurately 
the  proportion  of  iodine  liberated  ;  however,  M.  Beetz  was 
enabled  to  jndge  approximately  that  it  was  lower  than  what 
it  onght  to  hâve  been  according  to  the  quantity  of  silver  re- 
duced  in  the  voltameter;  which  is  probably  due  to  the  fact, 
that  a  part  of  the  iodine  recombines  with  the  proto-iodide 
that  always  exists  mixed  with  the  bi-iodide,  and  even  with 
that  which  is  prodnced  by  electrolysis.  The  fluoride  of  lead 
had  been  also  quoted  by  Faraday  as  an  example  of  compound 
bodies,  that  may  become  very  good  condactors  by  simple 
élévation  of  température,  even  before  being  melted,  and 
without  undergoing  décomposition.  M.  Beetz  bas  proved 
in  a  positive  manner,  that  this  compound  is  electrolysed  as 
soon  as  the  current  traverses  it  Indeed,  the  platinum 
plates,  that  are  employed  to  place  it  in  the  circuit,'  are 
polarised  as  with  the  bi-iodide  ;  and,  in  proportion  as  it  enter» 
into  fusion,  bubbles  of  colourless  gas  are  seen  to  be  given 
off  at  the  positive  électrode,  which  is  at  the  same  time  power- 
fully  attacked,  and  a  greyish  mass,  which  is  an  alloy  of  lead 
and  platinum,  is  formed  at  the  négative.  The  needle  of  the 
galvanometer,  that  is  placed  in  the  circuit,  retains  the  same 
déviation  during  the  whole  time  that  the  electrolysation  of 
the  fluoride  is  going  on  ;  and  the  quantity  of  silver,  reduced 
in  the  voltameter,  compared  with  the  weight  of  lead  obtained, 
indicates  that  the  fluoride  of  lead  obeys  the  law  of  electro- 
chemical  équivalents. 

We  hâve  already  mentioned  in  the  First  Chapter,  the  pro- 
perty  possessedby  glass  of  becoming  a  conductor,  whenheatecL 
M.  Beetz  assured  himself,  in  operating  on  glasses  of  différent 
qualities,  and  especially  on  Fuchs'  soluble  glass,  that  they  be* 
corne  conductors  between  392#  and  428°,  and  that  the  platinum 
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wires,  by  means  of  which  they  are  placed  in  the  circuit,  are 
powerfully  polarised,  which  proves  the  existence  of  electroly- 
sis.  We  shall  see  hereafter  still  more  direct  proof  of  this 
décomposition  in  the  ose  M.  Buff  has  made  of  melted  glass 
as  a  liqnid  conductor  interposed  between  the  pairs  of  a  pile. 

Bat  of  ail  the  anomalies,  that  are  presented  by  the  pheno- 
mena  of  electrolysis,  those  which  hâve  most  attracted  the 
attention  of  philosophera,  and  which  at  first  sight  hâve  pre- 
sented the  greatest  appearance  of  escaping  the  gênerai  laws, 
that  regnlate  this  mode  of  action,  is  the  inequality  respec- 
tively  in  the  production  of  the  éléments,  which  are  trans- 
ported  to  the  two  électrodes,  that,  in  many  cases  at  least, 
the  two  portions  of  the  electrolyte,  in  which  each  of  the 
électrodes  are  plnnged,  seem  to  possess.  MM.  Daniell  and 
Miller  were  the  first  who  observed,  by  employing  the  appa- 
ratus  composed  of  two  cells,  separated  by  a  membrane,  and 
filled  one  with  acidulated  water,  the  other  with  a  solution  of 
sulphate  of  copper,  or  snlphate  of  zinc,  that  when  the  positive 
électrode  plunges  into  the  solution  of  sulphate,  and  the  néga- 
tive into  acidulated  water,  oxygen  and  hydrogen  are  alone 
obtained  as  the  products  of  décomposition  ;  whrlst,  on  changing 
the  place  of  the  électrodes,  oxygen  is  obtained  at  the  positive 
électrode,  and  métal  at  the  négative;  in  both  cases,  one 
équivalent  of  sulphuric  acid  is  found  with  the  oxygen  at  the 
positive  électrode.  If  the  two  cells  are  equally  filled  with 
sulphate  of  copper  or  of  zinc,  we  can  easily  prove,  by 
analysing  after  the  experiment  the  liquida  contained  in  each 
cell,  that  ail  the  copper  or  zinc,  deposited  at  the  négative 
électrode,  arises  only  from  the  sulphate  contained  in  the  cell 
into  which  this  électrode  is  plnnged. 

Among  the  expérimenta  of  Daniell  and  Miller  we  will 
in  addition  quote  those,  in  which  sulphate  of  potash  and 
sulphate  of  magnesia,  having  been  placed  successively  in  the 
positive  cell,  only  £  of  an  équivalent  of  potassium,  and  T\  of 
that  of  magnésium  are  obtained.  Alumina,  magnesia,  or 
oxide  of  copper  do  not  render  themselves  in  any  proportions 
at  the  négative  électrode,  plnnged  in  an  acid  dotation, 
when  they  form  with  potash  a  double  sulphate,  the  solu- 
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tion  of  which  is  placed  in  communication  with  the  positive 
électrode. 

In  ail  the  phenomena  that  we  hâve  been  describing,  the 
membrane,  by  which  the  vessel  is  divided  into  two  comparti- 
ments, has  no  influence  over  the  résulta  ;  so  that  its  place  may 
be  supplied  by  a  simple  syphon  tube  filled  with  liquid,  by 
which  communication  is  established  between  the  two  compart- 
ments,  positive  and  négative*  It  was  by  employing  an  analo- 
gous  mode  of  communication,  that  M.  Pouillet  operated,  when 
he  found  an  anomaly  of  the  same  kind,  as  those  which  we 
hâve  been  describing,  in  the  décomposition  of  chloride  of 
goli     He  placed  the  solution  of  this  chloride  in  a  séries  of 

tt  tubes,  the  lower  parts  of  which 
being  narrower,  did  not  allow  of 
the  liquida,  with  which  the  two 
parallel  branches  were  filled, 
mixing  easily  {Fig.  237.).  On 
uniting  the  liquid  columns  of  the  to 
successive  tubes  by  platinum  wires, 
and  causing  the  extrême  columns 
communicate,  the  one  with  the  po- 
sitive électrode,  the  other  with  the  négative,  he  has  remarked 
that,  when  the  current  had  passed  for  a  certain  time,  ail  the 
négative  branches  of  the  tubes  were  less  coloured  than  the 
positive,  that  gold  was  deposited  at  the  négative  wire  with- 
out  any  trace  of  the  libération  of  hydrogen,  and  that  chlorine 
was  liberated  without  oxygen  around  the  positive  wire.  It 
was  easy  to  prove  that,  whilst  the  liquid  of  the  positive 
branch  contained  as  much  chloride  of  gold  as  at  the  be- 
ginning  of  the  experiment,  that  of  the  négative  branch  had 
loet  a  quantity  precisely  corresponding  to  the  weight  of  the 
gold  deposited.  It  would  seem  to  follow  from  this,  that  the 
decomposing  power  belongs  exclusively  to  the  négative  élec- 
trode. 

M.  Hittorff  arrived  at  a  still  more  gênerai  resuit,  by  show- 
ing  that  the  proportion  of  métal,  reduced  by  electrolysation, 
which  is  furnished  respectively  by  the  part  of  the  liquid  in 
contact  with  the  négative  électrode  and  by  that,  in  which  the 


Fig.  237. 
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positive  is  plunged,  remains  the  same  for  a  same  solution, 
whatever  may  be  the  force  of  the  current,  but  varies  with 
the  nature  and  degree  of  concentration  of  this  solution.  The 
apparatus  that  he  employed,  like  that  of  DanieU's,  is  composed 
of  a  cylindrical  glass  vessel,  separated  into  two  compartments» 
not  by  a  porous  diaphragm,  but  by  a  dise  of  glass  of  a  dia- 
meter  less  than  that  of  the  vessel  ;  so  that  there  remains 
between  the  edge  of  this  dise  and  the  inner  side  of  the  vessel 
a  liquid  stratum,  which  the  current  is  able  to  traverse. 
The  whole  vessel  is  filled  with  the  same  solution,  the  positive 
électrode  plunging  into  one  of  the  compartments,  and  the  ne* 
gative  into  the  other;  the  apparatus  is  so  arranged  that 
it  may  be  separated  into  two  pièces,  corresponding  to  the  two 
compartments,  and  by  means  of  a  glass  plate  that  may  be  in- 
troduced  between  them,  it  is  easy  to  préserve  the  liquida  con- 
tained  in  each  without  their  mixing.  The  cylindrical  vessel 
is  placed  vertically;  the  positive  électrode  lodged  in  its 
lower  part,  is  in  each  case  made  of  the  same  métal  that  serves 
as  the  base  of  the  sait  submitted  to  electrolysation  ;  the  né- 
gative is  of  silver,  and  has  the  form  of  a  little  cône,  the 
summit  of  which  is  upward,  in  order  the  better  to  retain  the 
metallic  deposit  After  each  experiment,  this  deposit  is 
weighed  ;  the  weight  of  métal  lost  by  the  portion  of  liquid 
contained  in  the  négative  compartment  is  then  determined  ; 
this  second  weight  is  deducted  from  the  former,  which  gives 
the  quantity  of  métal  furaished  by  the  positive  compartment, 
that  has  been  transported  from  the  positive  électrode  to  the 
négative.  The  relation  between  this  quantity  and  the  total 
quantity  of  métal  deposited,  indicates  the  proportion  of  métal 
transported. 

The  foUowing,  then,  are  the  results  obtained  with  solutions 
of  copper,  of  various  degrees  of  density  :  — 


Denslty 

ofthe 

Solution. 

Quantity  of 
Sulphate  of  Copper 
in  respect  to  Water. 

Proportion  of 

Copper 

transported. 

1-0521 
10553 
10254 

1  sulph.  cop.  to  6*35  water. 
1           „            1808      „ 
1           „           39-67      „ 

27-6  per  cent. 
34-5       „ 
35 

Digitized  by 


Google 


CHAP.  10.  EFFECT8  OF  PYNAMIC  ELECTEICITY.  383 

He  operated  in  the  saine  manner  npon  solutions  of  acétate, 
nitrate,  and  sulphate  of  silver,  and  foond  at  the  end  of  a  great 
ammber  of  expérimenta  made  with  much  care,  that  the  pro- 
portion transported  from  the  négative  électrode  to  the  positive 
was  for 


The  acétate 

• 

- 

• 

-    62-6  per  cent 

The  sulphate 

- 

- 

- 

•    44-6      „ 

The  nitrate 

f 

- 

- 

•    47-4      „ 

It  is  to  be  cemarked  that,  although  the  absolute  quantities 
were  sometimes  very  différent  from  one  experiment  to  the 
other,  the  relations  varied  very  little  from  those  indicated 
above,  which  are  the  means  of  the  résulta  obtained  for  each 
sait.  The  duration  of  the  experiment  was  not  always  the 
saine;  but  there  resulted  no  appréciable  change  in  the 
value  of  the  relations  found.  When  the  métal,  in  ita 
deposite  at  the  négative  électrode,  is  accompanied  by  a 
libération  of  hydrogen,  we  may  be  certain  that  a  part  at 
least  of  this  métal  is  in  a  state  of  oxide  :  M.  Hittorff  verified 
this  by  employing  for  an  electrolyte  a  very  neutral  solution 
of  sulphate  of  iron:  the  weight  of  iron  deposited  at  the 
négative  électrode  is  found  superior  to  that  which  should 
be  the  resuit,  in  virtue  of  the  law  of  the  équivalents  of  the 
décomposition  of  nitrate  of  silver,  placed  in  the  same  circuit  ; 
indeed,  on  precipitating  the  deposite  of  iron  by  ammonia, 
after  having  dissolved  it  in  aqua  regia,  which  weighed 
21*043  grs.,  it  is  found  that  iron  properly  so  called  entered 
into  this  weight  only  as  14*737  grs.,  a  number  very  little 
différent  from  14*729  grs.  calculated  according  to  the  équi- 
valent of  silver,  deposited  by  the  same  current 

A  still  more  important  fact  to  notice  is  that,  when  nitrate 
of  silver  is  dissolved  in  alcohol,  instead  of  being  in  water, 
which  rendera  it  a  much  worse  conductor,  and  causes  the 
opération  to  last  a  much  longer  time,  only  43  per  cent,  of 
silver  is  found  transported  from  the  positive  électrode  to  the 
négative,  instead  of  47  per  cent 

The  varions  facts,  that  we  just  related,  do  not,  in  our 
opinion,  prove  any  différence  of  power  in  the  pôles,  as  M* 
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Pouillet  thinks,  nor,  as  MM.  Daniell  and  Hittorff  seem 
to  présume,  a  faculty  of  transport  variable  with  the  nature 
of  the  combination,  subjected  to  electrolysation,  and  de* 
pendent  to  a  certain  point  upon  the  affinity,  by  which  thèse 
éléments  are  united.  They  are  merely  the  effect  of  the 
non-homogeneity  of  the  liquida  submitted  to  experiment; 
whence  it  arises  that  the  current  not  only  décomposes  the 
sait  dissolved,  but  décomposes  also  the  more  or  léss  acidu- 
lated  water,  that  is  found  in  the  solution.  M.  d'Almeida 
bas,  indeed,  shown  that,  in  the  electrolysation  ef  a  dissolved 
sait,  the  deposite  of  métal,  — of  copper,  for  example,  —  at  the 
négative  électrode,  may  arise  from  two  sources  ;  either  from 
the  direct  electrolysis  of  the  sait,  or  from  a  secondary  action, 
namely,the  réduction  brought  about  by  means  of  the  nascent 
hydrogen,  due  to  the  décomposition  of  the  water.  If  the 
solution  is  perfectly  neutral,  and  especially  if  it  remains 
neutral  during  the  whole  course  of  the  experiment,  the 
métal  deposited  at  the  négative  électrode,  arises  almost 
entirely  from  the  direct  décomposition  of  the  sait  ;  if  the  so- 
lution is  acidulated,  the  nascent  hydrogen  is  the  principal 
cause  of  the  réduction  of  the  sait 

M.  d'Almeid^has  verified  the  accuracy  of  his  gênerai  raie 
by  operating  upon  solutions  of  nitrate  of  silver  and  of  copper, 
sulphate  of  copper,  of  silver,  and  of  zinc  ;  only  there  is  a  very 
great  difficulty  in  maintaining  a  solution  neutral,  during  the 
whole  continuance  of  the  electrolysis.  The  solution  sub- 
mitted to  experiment,  for  example, — a  neutral  solution  of 
nitrate  of  silver, — is  placed  in  two  distinct  vessels,  which  com- 
inunicate  together  by  a  very  small  opening,  as  in  M.  Pouillet's 
tubes  (Jig.  237.).  In  one  of  the  vessels  is  plunged  a  plate  of 
platinum,  serving  as  the  négative  électrode  ;  in  the  other  a 
plate  of  silver,  which  is  the  positive  électrode.  The  current 
passes  for  twenty-eight  hours;  at  the  end  of  that  time, 
2*156  grs.  of  silver  is  found  deposited  at  the  négative  électrode; 
and  analysis  shows  that  1*124  grs.  of  thèse  2*156  grs.  arise 
from  the  solution  that  surrounds  the  électrode,  and  1*032  grs. 
from  the  other  vessel  ;  in  this  case,  the  solution  is  as  neutral 
as  possible,  and  it  is  kept  in  this  state  by  the  positive  silver 
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électrode,  whîch  combines  in  proportion  as  the  nitrîc  acid  is 

carried  to  it.     If  the  solution  is  slightly  acid,  we  find  that  the 

2*156  grs.  deposited  at  the  négative  électrode,  hâve  beenentirely 

taken  from  the  solution  placed  in  the  vessel  in  which  this 

électrode  was  plunged.    It  is  évident  that,  in  the  former 

case,  the  décomposition  of  the  nitrate  of  silver  is  brought 

about  àlmost  entirely  by  the  way  of  electrol ysis  ;  since,  as 

should   take  place  by  this  mode,  according  to  Grotthus's 

theory,  the  éléments  deposited  at  the  two  électrodes  hâve 

been  farnished  equally  by  the  parts  of  the  solution,  in  contact 

with  each  of  them.    In  the  latter  case,  on  the  contrary,  the 

acidulated  water  that  is  in  the  solution  being  more  con- 

ducteous  than  the  nitrate,  it  is  that  which  is  decomposed  ; 

and  its  nascent  hydrogen  prodnces  the  réduction  of  the  sait 

at  the  négative  électrode,  which  is  the  cause  of  the  reduced 

métal  being  furnished  only  by  the  liquid  in  contact  with 

that  électrode»    M.  d'Almeida,  indeed,  satisfied  himself  in  a 

direct  manner  that  the  acidulated  water,  as  it  is  found  in  the 

solution  ôf  the  nitrate,  conducted  the  electric  crurent  better 

than  this  solution  in  a  state  of  neutrality. 

The  santé  thing  takes  place  in  ail  the  expérimente,  that  we 
hâve  quoted  in  this  paragraph,  and  especially  in  those  of 
M.  Pouillet  and  of  M.  Hittorff.  Thus,  in  the  former,  it  is 
the  hydrochloric  acid,  that  is  always  found  in  the  solution  of 
chloride  of  gold,  which  is  decomposed  rather  than  the  chloride, 
which  is  a  worse  conductor;  chlorine  is  liberated  at  the 
positive  électrode,  and  the  gold  of  the  chloride  that  surrounds 
the  négative  électrode  is  reduced  by  the  nascent  hydrogen. 
There  fesults  from  this  réduction  the  constant  formation  of 
hydrochloric  acid,  which  thus  supplies  the  place  of  what  is 
decomposed. 

In  M.  HittorfPs  expérimente  the  effects  observed  are 
mixed;  à  part  of  the  reduced  métal  is  derived  from  the 
direct  electrolysis  of  the  sait,  and  the  other  from  the  réduction 
by  hydrogen,  due  to  the  décomposition  of  the  acid  water 
contaïned  in  the  solutions  of  the  metallic  salts,  which  are 
so  rarely  and  with  so  much  difficulty  neutral.  What  proves 
v  the  accuracy  of  this  explanation  is,  that  the  more  diluted  the 
VOL.  il.  c  c 
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solution  of  copper  is,  the  greater  becomes  the  proportion  of 
copper  reduced  directly  to  electrolysîs  ;  because  the  strength 
of  the  acidulated  water  is  diminished.  It  is  by  no  means 
certain  that,  althongh  the  positive  électrode  may  be  of  copper 
in  a  sait  of  copper,  and  of  silver  in  a  sait  of  silver,  that  the 
acid  accumulated  aroond  this  électrode  is  ail  neutralised  by 
the  métal  ;  it  is,  on  the  contrary,  probable  that  some  remains 
in  the  solution  in  the  free  state  ;  and  then  it  is  the  acidulated 
water  that  is  decomposed,  and  its  hydrogen  contributes  in 
part  to  the  réduction  of  the  métal.  Indeed,  as  is  proved  by 
the  numerical  résulta  recorded  above,  the  proportion  of 
aulphate  of  silver  decomposed  by  direct  electrolysîs  is  lésa 
than  that  of  nitrate,  which  is  almost  entirely  decomposed  in 
tins  manner  ;  because  the  sulphuric  acid,  liberated  at  the 
positive  électrode,  escapes  in  a  greater  quantity  than  the 
nitric,  from  combination  with  the  silver.  The  only  very 
singular  fact  is  that,  with  acétate  of  silver,  the  proportion  of 
silver,  furnished  by  the  positive  compartment,  is  more  con- 
sidérable than  that  which  is  furnished  by  the  négative  itself» 
It  is  probable  that  there  is  hère  some  mixture  of  the  liquida 
contained  in  the  two  compartments  ;  that,  in  particular,  there 
passes  from  the  positive  électrode  to  the  négative  a  small 
quantity,  which  thus  increases  the  proportion  of  the  sait  of 
silver,  that  is  found  in  the  négative  compartment  This 
mixture  must  arise  essentially  from  the  différence  of  density 
of  the  liquida,  and  perhaps  also  from  a  mechanical  transport, 
which  occurs  in  a  sensible  manner  only  when  the  liquid  is 
an  imperfect  conductor,  which  is  the  case  hère,  and  which 
causes  the  experiment  to  last  twice  as  long  as  with  solutions 
of  nitrate  and  sulphate.  Moreover,  this  double  origin  of  the 
métal,  deposited  at  the  négative  électrode,  in  the  electrolysîs 
of  salts,  is  recognised  in  the  appearance  itself  of  the  deposit, 
which  is  very  différent,  according  as  the  métal  arises  from 
electrolysîs  or  from  réduction  by  hydrogen.  This  is  easily 
to  be  proved,  by  making  use  of  solutions  more  or  less  acid, 
and  more  or  less  exhausted  of  sulphate  of  copper  and  of 
nitrate  of  silver.  Thus  Mr.  Smee  saw,  on  decomposing 
aulphate  of  copper,  by  means  of  a  current  of  two  pairs,  the 
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first  deposit  of  copper  to  be  brilliant,  united,  and  ductile  ;  this 
it  is  which  arose  exclusively  from  electrolysation.  The 
second  was  a  little  brittle  ;  it  is  because  there  was  already  a 
little  mixture  of  copper,  arising  from  electrol jsis  and  of  that 
reduced  by  hydrogen.  Finally ,  the  third  was  like  sand  ;  then 
spongy  ;  there  was  scarcely  anything  besides  copper  reduced 
by  hydrogen  ;  and  at  last  the  gaseous  hydrogen  finished  by 
appearing.  The  liquor  evidently  contained  scarcely  any  more 
sulphate,  and  was  become  too  acid,  and  yet  the  positive  élec- 
trode was  of  copper.  We  shall  return  to  this  subject,  and 
especially  to  Mr.  Smee's  work,  when  engaged  with  the 
métallurgie  applications  of  electricity,  for  which  thèse  ques- 
tions possess  great  importance,  as  may  be  understood  from  the 
example  of  copper  that  we  hâve  just  given. 

However,  we  will  remark  further  that  the  explanation,  by 
which  M.  d'Âlmeida  accounts  so  well  for  this  apparent  ine- 
quality  of  electrolysation  around  the  two  électrodes»  is  equally 
applicable,  as  he  bas  himself  observed,  to  the  case  of  alkaline 
and  earthy  salts  as  it  is  to  that  of  metallic  salts,  and  that  it 
finds  in  this  fact  a  remarkable  confirmation.  Thus,  if  after 
having  poured  equal  quantities  of  nitrate  of  potash  into  the  two 
vessels  of  the  preceding  expérimente,  he  renders  the  solution 
acid  into  which  the  positive  électrode  plunges,  he  finds  that, 
after  the  décomposition,  there  has  been  only  a  feeble  propor- 
tion of  this  part  of  the  solution  decomposed,  the  current 
having  passed  by  préférence  through  the  acidulated  water  ;  it 
is,  on  the  contrary,  in  the  négative  vessel  that  the  décompo- 
sition of  the  sait  has  been  the  most  feeble,  if  the  solution  of 
this  vessel  has  been  rendered  strongly  alkaline.  Now,  what  is 
done  artificially  is  brought  about  naturally  by  the  electrolysis 
itself  of  the  sait,  which  renders  the  positive  solution  acid,  and 
the  négative  alkaline  ;  but  as,  in  gênerai,  the  acid  of  dissol  ved 
salts  (nitrates,  sulphates)  is  a  much  better  conductor  than 
their  bases,  soda,  potash,  &c,  it  follows  that  the  sait  should 
undergo  —  and  it  does  actually  undergo — a  less  abundant  de- 
composition  in  the  parts  of  the  solution  in  which  the  positive 
électrode  is,  which  is  that  wherein  the  acid  is  liberated.     But  if 
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the  sait  remains  neutral  during  the  whole  continuance  of  tlie 
expérimenta  the  positive  and  négative  solutions  furnish 
equally  their  part  toward  the  electrolysing  action.  In 
order  to  obtain  this  neutralit y,  M.  d'Almeida,  if  he  was  ope- 
rating,  for  example,  upon  sulphate  of  potash,  poured  before- 
hand  some  potash  into  the  positive  vessel,  and  some  sulphuric 
acid  in  équivalent  quantity  into  the  négative,  with  equal 
volumes  of  saline  solution;  he  then  allowed  the  décompo- 
sition to  continue  until  the  quantities  of  acid  and  of  base,  in- 
troduced  at  the  outset,  were  in  excess  on  the  opposite  sides  to 
those  into  which  they  had  been  poured.  By  this  procesa 
each  of  the  sections  is  alkaline  for  the  half  of  the  experiment, 
and  acid  during  the  other  half.  The  influence  of  the  acid  and 
of  the  alkali  is  therefore  equally  exercised  on  both  sides  at 
the  moment  when  the  décomposition  is  stopped  ;  it  is  as  if  the 
solution  had  remained  neutral  ail  the  time. 

It  would  be  useless  now  to  return  to  the  numerous  experi- 
ments  made  by  Daniell  and  Miller,  with  the  diaphragm  ap- 
paratus  upon  the  décompositions  of  earthy  and  alkaline  salts, 
the  phosphates  in  particular.  We  shall  confine  ourselves  to 
remarking  that  they  are  ail  favourable  to  the  theory,  that  we 
hâve  given  upon  the  composition  of  salts,  and  in  particular  to 
that  of  Graham  on  the  phosphates,  in  which  he  considéra  water 
to  play  the  part  of  a  hase  ;  and  with  respect  to  the  différent  pro- 
portions furnished  by  the  two  compartments  in  the  products  of 
electrolysis,  the  explanation  of  M.  d'Almeida  is  perfectly  well 
applicable. 

The  study  that  we  hâve  beeû  making  of  the  forms,  so 
varions  and  sometimes  apparently  so  complex,  under  which 
electro-chemical  décomposition  is  presented,  at  the  same  time 
that  they  enable  us  to  trace  thèse  forms  to  the  simple  laws  of 
Davy  and  of  Faraday,  no  less  point  out  to  us  the  difficulty 
there  is  in  discovering  thèse  laws  in  the  midst  of  so  raany 
causes  of  perturbation.  Thus,  it  is  necessary  to  guard 
against  the  action  of  thèse  causes,  in  order  to  establish  on 
8olid  bases  the  generality  of  the  law  of  the  definite  action  of 
the  current,  which  has  been  denied  by  several  philosophera. 
This    has    been  dofle  successively  by    M.  Buff   and  M. 
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Soret,  in  researches  conducted  with  remarkable  care  and 
précision, 

M.  Buff  has  especially  in  view  to  Terify  the  accuracy  of 
the  electrolytic  law  in  cases  of  very  feeble  currents,  and 
consequently  of  very  prolongea  actions — cases  in  which  de- 
composition  is  often  hardly  apparent,  and  in  which  consequently 
it  requires  much  time  in  order  to  discover  it  and  to  appreciate 
its  effect,  which  is  the  cause  why  several  philosophera  hâve 
not  only  contested  the  existence  of  the  law,  but  even  that  of 
electrolysis,  when  the  electricity  transmitted  does  not  attain 
to  a  certain  degree  of  intensity.  M.  Buff  s  first  object  waa 
to  détermine  the  relation  of  the  electrolytic  action  to  the  force 
of  the  current. 

The  liquid  submitted  to  décomposition  was  a  neutral  so* 
lntion  of  nitrate  of  silver  of  perfect  purity.  Two  plates  of 
silver  were  plunged  into  it,  so  that,  under  the  influence  of  the 
current,  silver  was  detached  from  one,  which  passed  and 
arranged  itself  at  the  other.  He  employed  in  thèse  ex* 
periment8  a  DanieH's  pair,  so  as  to  préserve  a  force  almost 
constant  for  several  days.  He  caused  the  force  of  the 
current  to  vary  by  introducing  into  the  circuit  wires  of 
variable  lengtb,  which  served  at  the  same  time  as  wires  to 
galvanometer-multipliers,  so  that  by  means  of  the  déviation 
produced  upon  the  needles,  the  degree  of  constancy  of  the 
current  might  be  determinecL  The  wires  were  two  in 
number;  and  according  as  they  were  placed  in  the  circuit 
one  after  the  other,  or  as  one  alone  was  there,  or  as  both 
were  arranged  parallel  to  each  other,  three  currents  were  ob- 
tained,  the  relative  energy  of  which  may  be  represented  by 
1,  2,  and  4.  The  résistance  of  the  wires  was  so  great  that 
the  résistance  of  the  pile,  together  with  that  of  the  décompo- 
sition trough,  might  be  set  at  a  small  fraction.  It  follows 
from  the  table  of  expérimenta  made  to  a  great  amount,  that 
the  weight  of  the  deposit  of  silver  was  always  proportional 
to  the  force  and  to  the  duration  of  the  current  M.  Buff 
also  placed  in  the  circuit  of  the  constant  pair  two  successive 
troughs,  filled  with  the  same  solution  of  silver;  the  two  ré- 
sistance wires  were  adjusted  end  to  end  ;  the  électrodes,  ta 
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the  number  of  four,  were  thin  plates  of  silver.  The  carrent 
remained  in  action,  without  interruption,  for  about  nine 
days —  nainely,  12,539  minutes.  At  the  endofthis  tdme, 
there  were  found  :  — 

In  tha  lit  troagh.   In  the  iod  trongh. 

Loss  of  weight  of  the  positive  plate  4*111  grs.         4*121  grs. 

Increaseof  the  négative     -  -  4*105  „  4*117  „ 

The  solution  of  silver  contained  *385  grs.  of  neutral  solution 
of  nitrate  of  silver  in  *061  cub.  in.  :  a  more  diluted  solution, 
which  contained  only  *154  grs.  to  #061  cub.  in.  was  placed  in 
succession  with  the  former.  At  the  end  of  fifty-one  and  a 
half  hours,  the  négative  silver  plate  had  increased  in  weight 
1*919  grs.  in  the  more  concentrated  solution,  and  1*912  grs. 
in  the  more  diluted.  Thus  the  fact  that,  whether  the  solution 
be  more  or  less  diluted,  it  exercises  no  influence  over  the 
electrolytic  law. 

On  substituting  pure  water  for  one  of  the  solutions  of 
silver,  there  was  obtained,  at  the  end  of  four  days,  or  5470 
minutes,  an  increase  of  *369  grs.  at  the  négative  plate,  which 
plonges  in  the  solution  of  silver,  and  a  film  of  oxide  of  silver 
on  the  positive  plate  of  silver  plunged  in  the  water,  which, 
when  carefully  removed,  indicated  a  loss  of  -369  grs.  in 
weight  by  this  plate.  Thus  the  effect  of  the  electrolysation 
of  water,  even  by  very  feeble  currents,  is  similar  to  that  of 
the  electrolysation  of  the  solution  of  silver  ;  and  yet  we  should 
hâve  thought  from  appearances  that  the  water  was  not  de- 
composed.  It  is  the  same  with  water  slightly  acidulated 
with  sulphuric  acicL 

Finally,  the  electrolysation  of  sulphate  of  copper  presented 
to  M.  Buff  a  perfectly  satisfactory  agreement  with  that  of  the 
nitrate  of  silver,  provided  the  solution  was  perfectly  pure, 
and  deprived  of  ail  excess  of  acid.  It  is,  therefore,  well 
established  by  M.  BufFs  experiments,  that  it  may  be  proved 
that  even  the  most  feeble  currents,  if  their  action  is  suffi- 
ciently  prolonged,  décompose  electrolytic  liquids,  according 
to  Faraday's  law  of  definite  action;  and  that  it  does  not 
appear  that  they  traverse  thèse  liquids,  even  in  the  smallest 
proportion,  without  decomposing  them. 
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Upon  salts  of  copper,  both  pure  or  mîxed  wîth  others,  M. 
Soret  has  also  verified  Faraday's  law.  He  began  by  pré- 
pariog  thèse  salts,  so  as  to  hâve  them  as  pare  and  as  neutral 
as  possible,  by .  a  séries  of  successive  crystallisations  and 
solutions.  He  produced  his  décompositions  by  placing  his 
solutions  in  tubes,  and  by  using  for  électrodes  wires  of  plâ- 
tinum  from  *0154  to  '0231  in.  in  diameter.  His  carrent 
was  produced  by  Bunsen's  piles,  of  from  two  to  five  pairs 
feebly  charged.  When  he  considered  that  the  action  had 
been  sufficiently  prolonged,  he  removed  the  électrodes  covered 
with  copper,  plunged  them  for  a  certain  time  in  distilled 
water,  in  order  to  wash  them,  then  driéd  them  rapidly  with 
blotting  paper,  and  weighed  them;  he  then  dissolved  the 
deposit  of  copper  in  nitric  acid,  and  again  weighed  the  pla- 
tinum  wires,  in  order  to  obtain  the  weight  of  copper  depo- 
sited. It  is  necessary,  in  order  to  obtain  good  results,  that 
the  deposit  of  copper  should  be  united  and  compact,  other- 
wise  there  is  a  risk  lest  a  portion  of  the.  copper  may  not  be 
detached,  or  not  oxidised.  M.  Soret  found  no  advantage  in 
employing  copper,  instead  of  platinum,  for  the  positive  élec- 
trode; the  solution  of  this  copper  not  occurring  always  in  a 
normal  manner,  and  délicate  experiments  not  having  pointed 
out  to  him  any  sensible  différences  in  the  quantity  of  copper 
deposited,  according  as  the  solution  was  neutral  or  acid.* 
Indeed,  three  experiments  furnish  the  following  results:  — 


*  11  Jacobi,  as  the  resnlt  of  numerous  experiments,  and  by  employing 
copper  électrodes,  had  given  up  employing  the  décomposition  of  sulphate  of 
copper,  for  determining  the  intensity  of  the  current,  on  account  of  the  nn- 
merons anomalies,  that  had  been  presented  to  him  by  thig  décomposition* 
Thus,  on  comparing  together  the  weights  of  copper  lost  on  one  side  and  reduced 
on  the  other,  he  found,  in  a  séries  of  experiments,  7*4962  of  copper  lost  for  7*1743 
of  copper  reduced,  which  makes  a  différence  of  4*5  per  cent.  M.  Jacobi  re* 
cognised  himself  that  this  anomaly  is  due  to  the  experiments  having  been 
ruade  with  the  sulphate  of  copper  of  commerce,  which  is  not  pure;  this  ex- 
planation  is  found  amply  justified  by  the  results  obtained  by  M.  Soret  on 
employing  sulphate  of  copper  chemically  pure.  Indeed,  in  this  case,  it  is  of 
Iittle  importance  whether  the  solution  becomes  acid  or  remains  neutral,  the 
quantity  of  copper  deposited  upon  the  négative  électrode  necessarily  remaining 
the  same  for  the  same  current,  whether  it  arises  from  direct  electrolysis  or  from 
réduction  by  hydrogen. 
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Weight  of  Copper  dqxMited  in  Salphato  of  Copper. 

Dffflerencec 

_                 NmtnL                Add. 
UtExp.    —  2-5685  grs.    25700  gro. 
2nd    n       —20897  n      2-0927   n 
3râ     n      —51895  „      51926  „ 

+  0-0015 
+  0-0030 
+  00031 

After  hàving  verified,  by  numerous  trials,  that,  under 
identical  circumstances,  two  perfectly  similar  solutions  of 
sulphate  of  copper  gîve  deposits,  eqnal  within  three  or  four 
thousandths  of  a  grain,  he  found  that  it  was  the  same  for  two 
solutions,  the  one  saturated,  the  other  diluted.  But  if  the 
two  solutions,  still  beîng  similar,  are  at  différent  températures 
—  the  one  at  68°,  and  the  other  at  212%  for  example,—  this 
latter  gives  a  sensibly  less  deposit,  which  is  duet  as  may  be 
proved  in  a  direct  manner,  to  the  dissolving  action  of  sul» 
phate  of  copper  at  212°,  even  though  neutral,  upon  metallic 
copper. 

Nitrate,  phosphate,  and  acétate  of  copper  were  placed, 
concurrently  with  sulphate,  in  the  circuit;  each  of  thèse 
solutions  in  each  case  gave  the  same  deposit  of  copper  at  the 
négative  électrode  as  the  sulphate  di<L  The  différences  in 
weights  of  from  1  to  3  grs.,  and  even  to  6  or  8  grs»,  were  at 
a  mean  0*003  grs.,  sometimes  in  one  direction,  sometimts  in 
another,  and  never  exceeded  0*006  grs.,  except  in  a  single 
case,  in  which  the  différence  rose  to  0*009  grs.  It  was 
necessary  not  to  prolong  the  action  with  the  nitrate  too 
much,  so  as  to  avoid  liberating  too  much  nitric  acid,  this 
acid  soon  exercising  a  dissolving  action  upon  the  copper 
deposited  ;  and  it  is  necessary  that  the  acétate  be  very  con~ 
centrated,  the  deposit  of  copper,  without  this  précaution,  not 
being  compact,  and  the  différences  being  too  great. 

Sulphate  of  copper  and  sulphate  of  potash,  mixed  in  equal 
volumes,  form  a  solution,  which  gives  the  same  deposit  as 
pure  sulphate  of  copper.  The  bichromate  of  potash  mixed 
with  sulphate  of  copper  forms  no  deposit,  but  merely  gives 
a  libération  of  gas.  The  mixture  of  sulphate  of  copper  and 
borate  of  soda  gives  a  deposit  of  copper,  but  this  deposit  is 
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.always  a  Utile  more  considérable  than  those  obtained  simul- 

taneously  in  pnre  snlphate  of  copper;  and  the  différences 

are  too  great  —  *046  to  *107  grs. —  to  be  able  to  be  attributed 

to  errors  of  experiment.    Moreover,  the  deposit  is  never 

compact  ;  and  it  also  appears  a  litUe  oxidised,  whicb  it  owes 

to  its  slightly  spongeons  fornu    The  sulphate  of  protoxide  of 

iron,  mixed  with  snlphate  of  copper,  sensibly  diminishes  the 

deposit  of  copper  ;  which  is  âne  chiefly  to  the  copper's  dis-» 

aolving  to  a  maximum  in  the  sulphate  of  iron,  and  in  there 

being  always  formed  a  certain  quantity  of  this  sulphate,  when 

the  snlphate  of  the  protoxide  of  iron  is  allowed  to  be  exposed 

to  the  air, — a  formation  that  mnst  be  facilitated  by  the 

libération  of  oxygen  and  of  free  acid,  that  accompanies  electro- 

lysis.     The  snlphate  of  manganèse  produces  the  same  effect 

as  the  snlphate  of  protoxide  of  iron.    The  nitrate  of  cobalt, 

the  snlphates  of  zinc  and  of  cadmium,  in  no  way  alter  the 

weight  of  the  deposit  of  copper  ;  and  no  trace  is  found  in 

this  deposit,  of  cobalt,  zinc  or  cadmium,  which  plainly  proves 

that  copper  alone  is  deposited.    The  folio wing  is  the  Table  of 

comparative  resnlts  obtained  by  the  passage  of  the  same 

current  in  a  saturated  solution  of  sulphate  of  copper,  serving 

as  the  tenu  of  comparison,  and  in  another  solution.    (See 

Table  on  next  page.) 

We  may  therefore  conclude,  from  thèse  last  experiments, 
that  the  law  of  electro-chemical  équivalents  is  found  to  be 
justified  within  the  limita  of  errors  of  observation  ;  and  that, . 
if  there  is  a  proportion  of  electricity  that  traverses  the  liquid 
without  producing  décomposition,  it  can  only  be  a  very  small 
fraction,  -g^^th.  at  least,  of  this  total  quantity  of  electricity 
transmitted  ;  indeed,  if  it  were  y^^th,  or  less,  the  différences 
that  would  resuit  from  it  would  be  smaller  than  the  errors 
of  observation. 
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Influence  o/the  Electrode*  upon  Electro-chemical  Décomposition. 

There  exista  yet  another  circumstance,  whîch,  independ- 
entJy-of  its  proper  and  distinct  effect,  plays  also  an  important 


Nakb  or  TU»  Solution 

eompared  with 
Sulphate  or  Coppib. 


Sulphate  of  Copper  diluted  by 

i  its  volume  or  waier 
Sulphate.  of  Copper  diluted  by  1 

volume  ofwater  - 
Sulphate  of  Copper  diluted  by  1 

volume  of  water  - 
Sulphate  of  Copper  diluted  by  1 

volume  ofwater     - 
Concentrated  Nitrate  of  Copper  - 
Concentrated  Nitrate  of  Copper  - 
Concentrated  Nitrate  of  Copper  - 
Phosphate  of  Copper  dissolved  in 

Fhosphoric  Acid  - 
Phosphate  of  Copper  dissolved  in 

Phosphoric  Acia  • 
Phosphate  of  Copper  dissolved  in 

Phosphoric  Acid  - 
Acétate  of  Copper  - 
Acétate  of  Copper  - 
Mixture  of  Sulphate  of  Copper 

and  Sulphate  of  Potash  - 
Mixture  of  Sulphate  of  Copper 

and  Sulphate  of  Potash  - 
Mixture  of  Sulphate  of  Copper 

and  Nitrate  of  Cobalt     - 
Mixture  of  Sulphate  of  Copper 

and  Nitrate  of  Cobalt     - 
Mixture  of  Sulphate  of  Copper 

and  Sulphate  of  Zinc 
Mixture  of  Sulphate  of  Copper 

and  Sulphate  of  Zinc 
Mixture  of  Sulphate  of  Copper 

and  Sulphate  of  Cadmium 


Weight  of  Copper 
depocited  in 


Sulphate  of 
.Copper  in 
Saturation. 


gw. 
6*2373 

27584 

51261 

3*9801 
4*3832 
7-5480 
1-9537 

2-7878 

1*8642 

21453 
1*3004 
1-2464 

3*1507 

1*8456 

1*3484 

1-2881 

2*0964 

1*5584 

1*9769 


The  Solution 

inacribed  in  the 

Itt  Column. 


grs. 

6*2466 

2-7522 

51200 

3*9848 
4*3817 
7-5649 
1-9445 

2-7940 

11 


2-1437 
1-2929 
1-2495 

3*1492 

1*8518 

1*3720 

1*2896 

2*2477 

1*5614 

1-9800 


+  0-0092 

—  0-0061 

—  0*0061 

4-0*0046 

—  00015 

—  00030 

—  0-0092 

+  00061 

—  0-0046 

—  0-0015 

—  0-0015 
+  0-0030 

—  0-0015 
+  0-0061 

—  0*0048 
+  0-0015 
+  01513 
+  0-0030 
+  0  0030 


part  in  those  which  we  hâve  been  enumerating —  I  would 
speak  of  the  nature,  the  form,  and  the  physical  state  of  the 
électrodes,  which  establish  communication  between  the  pôles 
of  the  pile  and  the  liquid  to  be  decomposed. 

Wehave  already  seen  that  there  always  exists,  in  the  passage 
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of  the  durent  firom  a  solid  condnctor  into  a  liquid,  a  résistance 
independent  of  the  conductibility  proper  of  the  solid  body 
and  of  the  liquid»     This  résistance  is  manifested  in  a  very 
decided  manner,  when  a  liquid  conductor  is  separated  into 
two  parts  by  a  thin  plate  of  métal,  or  when  two  liquid  con- 
ductors, placed  in  two  distinct  vessels,  into  which  each  of  the 
électrodes  are  immersed,  are  connected  by  a  metallic  arc.   On 
placing  a  galvanometer  and  a  voltameter  in  the  circuit,  it  is 
easy  to  prove  that,  the  more  the  métal  of  which  the  plate  or 
the  métal  arc  is  made  is  attackable  by  the  liqoids  in  contact 
with  them,  the  lésa  is  the  résistance.     It  also  varies  with  the 
relative  nature  of  the  métal  and  of  the  liquida  ;  even  when  the 
métal  is  not  attackable  by  either  of  the  liquids.     Thus  with 
platinum  plates  employed,  whether  as  électrodes,  or  for  esta- 
blishing  communications  between  two  or  several  successive 
vessels,  the  résistance  is  much  less  with  concentrated  nitric 
acid  than  with  hydrochloric,  less  with  hydrochloric  than 
with  sulphuric  ;  it  is  more  considérable  with  diluted  nitric 
acid  than  with  concentrated,  whilst  it  is  the  reverse  with 
sulphuric  acid  :  saline  solutions,  those  of  potash  and  ammonia, 
présent  almost  the  same  résistance.     The  intensity  of  the 
current  exercises  an  influence  not  only  over  the  absolute 
résistance,  but  also  over  the  relative  résistance  of  two  liquids  ; 
thus,  when  the  current  is  powerful,  the  résistance  to  passage 
is  less  for  hydrochloric  acid  than  for  nitric  acid  ;  it  is  the 
reverse  when  the  current  is  feeble.     In  order  to  obtain  full 
assurance  that  thèse  différences  dépend  upon  variations  in 
the  résistances  to  passage,  and  not  in  the  conductibility  of  the 
liquid,  we  make  use  of  several  glasses— four,  for  example,— 
filled  with  liquid  ;  they  are  connected  by  arcs  of  platinum, 
whilst  the  platinum  électrodes  are  immersed  in  the  two  ex- 
trême vessels.     It  is  very  curious  to  perceive  that,    on 
varying  the  number  of  glasses,  and  consequently  that  of  the 
alternations  or  passages  from  a  solid  to  a  liquid  conductor, 
and  reciprocally,  we  are  able  to  render  the  same  System  of 
metallioliquid  conductors  more  or  less  conductors  at  one 
time  than  at  another,  which  is  simply  due  to  our  modifying 
the  gênerai  intensity  of  the  current,  by  a  variation  in  the 
number  of  alternations.     Such  is  the  case,  as  we  hâve  said 
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with  hydrochloric  and  with  nitric  acids*  Thus,  in  making 
of  thèse  two  acids,  two  perfectly  similar  Systems,  each  com- 
municating  with  one  of  the  wires  of  a  differential  galva- 
nometer,  there  is  found,  on  oompelling  the  carrent  to  divide 
itself  between  them,  48°  in  favoar  of  the  hydrochloric  acid, 
when  there  is  only  one  alternation  ;  and  15°  in  favour  of  the 
nitric  acid  when  there  are  five.  But,  in  the  former  case, 
the  intensity  of  the  cnrrent  transmitted  by  one  of  the  Systems 
alone  was  75°,  in  the  latter  30°.  The  same  resuit  is  obtained 
with  two  platinum  électrodes,  employed  either  in  nitric  acid 
or  in  hydrochloric  ;  and  by  cansing  the  intensity  of  the  carrent 
to  vary  by  means  of  a  pile  of  greater  or  less  force» 

The  résistance  to  passage  diminishes  with  the  increase  of 
the  surface  of  contact  of  the  liquid  and  the  solid  condnctors  ; 
but  it  is  proved  that  the  greatest  intensity  of  the  carrent, 
which  results  from  he  increase  of  the  surface  of  contact, 
increases  in  a  greater  relation  than  the  surface  itself  when 
the  carrent  is  feeble,  and  in  a  less  relation  when  the  carrent 
possesses  a  certain  degree  of  intensity, — this  degree  being 
dépendant  on  the  relative  nature  of  the  solid  and  liquid 
conductors* 

Before  entering  further  into  this  order  of  phenomena,  it  is 
necessary  to  seek  after  the  cause.  Now,  it  is  entirely  in  the 
chemical  décomposition  brought  about  by  the  current  upon 
this  liquid  in  contact  with  the  solid  conductor  that  it  has  its 
origin.  In  order  to  hâve  a  good  représentation  of  this  part 
played  by  the  électrode  in  electrolysis,  we  must  hâve  regard, 
as  Faraday  does,  to  the  whole  of  the  circuit,  and  to  that 
power,  of  which  we  hâve  already  spoken,  possessed  by  the 
current  of  transporting  the  force  of  affinity,  that  is  ordinarily 
exercised  at  infinitely  small  distances.  Now,  their  force 
originates  at  the  électrodes,  one  of  which  attracts  oxygen 
and  the  acid  éléments,  and  the  other  hydrogen  and  the  basic 
éléments. 

Two  circumstances  mày  favour  the  exercise  of  the  force, 
and  consequently  the  passage  of  the  current  :  viz.,  the  facility 
possessed  by  the  electrolyte  itself  of  being  decomposed,  and 
the  very  affinity  of  the  substance  of  which  the  électrode  is 
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composed  for  that  élément  of  the  electrolyte    which  the 

carrent    tends  to  liberate  upon  its  surface.*    Thus,  with 

électrodes  of  platinum,  concentrated  nitric  acid  will  offer 

less  résistance  to  the  passage  than  dilute  sulphuric  or  than 

hydrochloric  acid,  because  it  is  more  easily  decomposed  than 

the  other  two  acids.     But,  on  the  other  hand,  as  platinum  has 

an  affinity  for  chlorine,  it  may  be  that  this  circumstance  ont- 

weighs  the  former,  sînce  experiment  shows  ns  that  this  takes 

place  for  a  certain  intensity  of  carrent.    This  effect  is  still 

much  more  sensible  when  we  employ  for  positive  électrodes 

oxidisable  metals,  snch  as  iron,  zinc,  &c,  and  for  -négative 

électrodes,  peroxides  that  hâve  a  great  affinity  for  hydrogen, 

such  as  the  peroxide  of  lead,  with  which  the  platinum  plate 

may  be  covered.     It  is  évident  that  the  oxygen  and  hydrogen, 

for  example,  are  attracted  with  much  more  force — the  one  in 

one  direction,  the  other  in  the  other,  —  when  the  action  of  the 

carrent  is  added  to  the  affinity  of  the  électrode.     Bnt  the 

manner  in  which  this  influence  of  the  nature  of  the  électrodes 

is  made  most  sensible  is,  in  facilitating  or  in  preventing  the 

deposit,  which  is  always  in  a  greater  or  less  degree  formed 

upon  the  surface  of  each  of  them,  and  which  is  the  mostdecided 

cause  of  the  résistance  to  passage.     Thus,  it  is  easy  to  see,  in 

the  electrolysis  of  acidulated  water  with  platinum  électrodes, 

that  there  remains  a  thin  film  of  oxygen  adhèrent  to  the 

surface  of  the  positive  électrode,  and  a  similar  one  of  hydrogen 

to  the  surface  of  the  négative  électrode;  thèse  two  films,  by 

preventing  the  immédiate  contact  of  the  électrodes  with  the 

liquid,  lessen  the  facility  of  passage  of  the  current,  at  the 

same  time  diminishing  its  intensity,  as  we  shall  see,  by  pro- 

ducing  a  secondary  current,  determined  in  a  direction  con- 

trary  to  that  of  the  principal  current.     It  is  no  longer  the 

same  when  the  électrode,  combining  with  the  oxygen,  forma 

a  soluble  oxide,  or  when,  like  the  peroxide  of  lead,  it  absorbs 

the  hydrogen,  allowing  of  the  combination  of  this  gas  with 

*  We  are  hère  speaking  only  of  the  passage  of  the  carrent  at  the  surface  of 
contact  of  the  électrode  and  the  liquid,  and  not  through  the  liquid  itself,  the 
latter  passage  depending  upon  the  conductibility  of  the  liquid,  a  propcrty 
whose  relation  with  electrolysation  has  not  y  et  becn  determined. 
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one  part  of  its  own  oxygen.  With  regard  to  the  existence 
of  thèse  deposits,  the  nature  of  which  varies  with  that  of  the 
electrolyte*  it  may  be  proved  either  directly  orjndirectly,  by 
a  peculiar  property  which  they  impart  to  the  électrodes. 
Let  ns  examine  in  succession  thèse  two  modes  of  démon* 
strating  their  présence. 

The  attentive  examination  of  the  électrodes  enables  ns 
very  quickly  to  discover  upon  their  surface,  when  they  hâve 
been  employed  for  electrolysis,  the  deposits,  even  the  gaseous 
ones,  that  remain  adhering  to  them.    In  this  way  we  discover 
that  even  the  most  feeble  current,  such  as  that  of  a  single 
pair,  cannot  traverse  an  electrolyte  acidulated  water,  for  ex- 
ample, without  decomposing  it     The  gaseous  deposit  is 
sometimes  so  little  apparent,  even  with  the  microscope,  that, 
in  order  to  render  it  sensible,  it  is  necessary  to  place  the  ap- 
paratus  in  which  the  décomposition  takes  place,  in  vacuo; 
and  then  the  bubbles  of  gas  are  seen  to  detach  themselves 
from  the  surface  of  the  platinum  électrodes,  and  the  galvano- 
meter  that  is  in  the  circuit  suffers  a  greater  déviation,  a  proof 
that  the  gaseous  film  was  the  cause  of  the  résistance  to 
passage.     When  the  deposit  is  solid,  it  is  an  easier  matter 
to  see  it  ;  and  it  commonly  forms,  in  conséquence  of  its  little 
thickness,  very  brilliant  coloured  films,  analogous  to  the 
colours  of  thin  plates.     M.  Nobili,  who  discovered  them,  and 
called  them  by  the  naine  of  electro-chemicai  appearances, 
made  a  very  particular  study  of  them.    In  order  to  obtain 
them,  he  arranges  horizontally  a  plate  of  platinum  or  of 
silver,  or  even  of  steel,  at  the  bottom  of  a  fiât  vesseL     He 
covers  it  with  a  thin  layer  of  an  electrolytic  solution.     Then 
he  plunges  vertically  into  the  liquid  over  the  plate  a  fine  point 
of  platinum,  so  that  it  shall  be  only  -j^th  or  ^th  of  an  inch 
in  distance  from  this  plate.     The  point  and  plate  serve  alter- 
nately  as  positive  and  négative  électrodes.     One  of  the 
most  beautiful  appearances  is  that  which  is  obtained  upon 
the  positive  électrode  with  acétate  of  lead.     It  is  altogether 
similar  to  Newton's  coloured  rings  and  quite  as  brilliant  ;  it  is 
due  to  a  very  thin  deposit  of  peroxide  of  lead,  a  substance 
which,  like  the  acids,  is  transported  to  the  positive  pôle.   The 
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action  mûst  not  be  prolongée!  too  much,  nor  must  too  power- 

fui  a  current  be  employed,  for  fear  that,  the  deposit  becoming 

too  thick,  the  colonrs  should  disappear.  The  appearances  are 

in  gênerai  more  billliant  on  the  positive  électrode  ;  [however, 

■very  decided  ones  may  be  obtained .  on  the  négative  by  em- 

ploying  a  more  energetic  current,  and  inixingtogether  twoor 

three  solutions.     In  order  to  hâve  the  power  of  more  readily 

comparing  the  positive  and  négative  appearances,  it  is  well  to 

produce  them  at  the  same  time  upon  the  saine  plate.    Nobili 

did  this  by  arranging  above  the  plate  A  B,  two  fine  platinum 

wires,  each  communicating  with  one  of  the  pôles  of  the  pile  n  p 

(Jig.  238.).    The  current  came  out  from  the  point  p,  pêne- 


Fig.  238. 

trated  into  the  plate  at  n,  then  came  out  from  the  plate  at  p, 
beneath  the  second  point  N,  into  which  it  entered  in  order  to 
complète  its  circuit  The  resuit  was  the  production  of  a  né- 
gative appearance  at  n,  and. a  positive  one  at  jp.  But  if  thèse 
appearances  were  produced  so  as  to  be  too  near  to  each 
other,they  were  frequently  deformed,  as  if  they  were  mutu- 
ally  repelled,  and  expanded  exteriorly.  This  deformity 
ceased  to  take  place  as  soon  as  a  thin  screen  of  glass 
was  placed  between  the  two  points,  so  as  to  prevent  ail  direct 
communication  between  the  two  parts  of  the  liquid  that 
cover  the  portions  of  the  plate  upon  which  the  appearances 
are  formecL  It  was,  therefore,  evidently  due  to  this, —  that, 
when  there  was  no  glass  screen,  it  happenedthat,  among  thèse 
currents  which  disseminate  in  filaments  throughout  the  liquid 
between  the  two  points  that  serve  as  pôles,  tbose  which  should 
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have  formed  the  interior  contour  of  the  coloured  rings  tra- 
versed  directly  from  one  point  to  the  other  in  the  liquid  ex- 
clusively,  instead  of  passing  in  a  part  of  their  course  through 
the  plate,  and  this  on  account  of  the  résistance  to  passage 
that  it  offers  to  them.    It  is  not  the  same  for  the  exterior 
filaments,  which  would  have  a  longer  course  to  take  through 
the  liquid;  thus  they  traverse  the  plate  becanse,  notwith- 
standingthe  résistance  to  passage,  this  second  path  offers  to  them 
a  more  easy  transmission.     When  the  screen  is  there,  there 
is  no  longer  a  choice,  and  ail  the  currents  are  almost  compelled 
to  pass  through  the  plate,  which  causes  the  appearance  to  be 
no  longer  deformecL     We  see  by  this  example  that  the  form 
and  position  of  the  electro-chemical  appearances  may  serve,  in 
a  very  useful  manner,  to  folio  w  this  mode  of  the  propagation 
of  currents  in  a  liquid* 

Returning  to  the  appearances  themselves,  we  shall  add 
that,  among  the  most  beautiful  are  found  those  which  are 
obtained  at  the  positive  électrode,  on  decomposing  animal  or 
vegetable  organic  substances,  which  induced  Nobili  to  see  in 
this  the  cause  of  the  colouration  of  plants,  and  particularly 
of  flowers.    With  regard  to  the  deposits  that  arise  from  the 
electrolysis  of  inorganic  compounds,  they  have  been  the 
subject  of  a  profound  examination,  not  only  on  the  part  of 
Nobili,  but  also  on  the  part  of  M.  Becquerel.   We  shall  have 
occasion  to  return  to  the  results  obtained  by  thèse  two  skilfal 
physicists,  when  engaged  upon  the  chemical  applications  of 
electricity.     It  would  be  useless  in  this  place  to  enter  into 
further  détails,   for  it  is  easy  to  conceive  the  innumerable 
variety  of  effects  that  may  be  obtained  by  employing  différent 
solutions,  either  pure  or  mixed,  by  raising  or  lowering  their 
température,  by  producing  the  deposits  upon  plates,  sas-* 
ceptible  or  not  of  being  attacked  by  the  éléments  liberated* 
We  may  simply  add  that  the  production  of  electro-chemical 
appearances  has  been  the  subject  of  an  expérimental  and 
theoretical  study,  both  on  the  part  of  M.  E.  Becquerel,  who 
thought  that  it  was  subject  to  a  very  simple  law,  analogous 
to  that  which  governs  Newton's  coloured  rings,  as  well  as  on 
the  part  of  MM.  Dubois-Reymond,  and  Beetz,  who  have 
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demonstrated  that  the  phenomenon  was  more  complex,  and 
that  it  depended  besides  on  several  circumstances  connected 
with  Ohm's  laws. 

Let  us  now  pass  on  to  the  indirect  mode,  by  which  the 
présence  of  the  deposits  is  indicated.     It  consiste  in  the  pro- 
perty  that  tbey  impart  to  the  électrodes  of  giving  rise  to  an 
electric    current,  by    acquiring  what  is  called    secondary 
polarity  ;  for  example,  two  platinum  plates  that  hâve  been 
employed  —  one  as  positive  électrode,  the  other  as  négative  — 
in  acidulated  water,  become  capable  of  forming  a  voltaic  pair, 
in  which  the  former  plate  plays  the  part  of  the  négative 
métal,  snch  as  copper  or  platinum,  and  the  latter  that  of  the 
positive  métal,  as  zinc.     This  couple  produces  a  current, 
that  acts  upon  the  galvanometër  and  upon  the  chemical  or 
calorific  voltameters  :  it  is  true  that  it  is  never  very  strong, 
and  that  its  action  has  only  a  very  short  duration*     When 
the   principal  current  has  traversed  several  homogeneous 
diaphragms  or  arcs,  employed  for  Connecting  several  liquid 
compartments  one  with  the  other,  the  secondary  polarities, 
that  are  acquired  by  thèse  diaphragms  or  arcs,  make  of  them 
a  véritable  pile,  named  a  secondary  pile,  and  the  action  also 
of  which  never  has  a  long  duration.     It  is  not  necessary, 
in  order  to  the  establishment  of  the  current,  that  the  liquid 
conductor  in  which  the  polarised  metals  are  plunged  should 
be  the  same  as  that  whose  electrolysation  has  polarised  them — 
a  proof  that  this  current  does  indeed  arise  from  the  metals, 
and  consequently  from  the  deposits,  which  hâve  taken  place 
on  their  surface.     The  same  results  are  obtained,  and  with 
even  a  more  decided  degree  of  intensity,  by  the  décompo- 
sition of  saline  solutions.     AU  thèse  secondary  currents  are 
due  to  the  chemical  reaction  of  the  liquid,  in  which  the 
plates  are  plunged,  upon  the  deposits  with  which  their  surfaces 
are  covered  ;  and  what  proves  this  is,  that  the  same  effects 
are  obtained  by  bringing  about  the  deposits  in  a  direct 
manner,  instead  of  employing  for  this  purpose  the  action  of 
a  current*     We  shall  study  with  care  the  formation  of  thèse 

*  For  example,  we  hâve  merely,  as  M.  Mattencci  was  the  flrst  to  remark,  to 
place  two  very  clcan  platinum  plates,  the  one  in  oxygen,  the  other  in  hydrogen, 
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currents  in  the  Chapter  devoted  to  the  production  of  elec- 
tricity  by  chemical  actions,  of  which  they  are  a  particular 
case.  Let  us  simply  remark  further,  that  the  polarisation,  or 
rather  the  secondary  polarities  that  are  acquired  by  the 
électrodes,  whenever  they  hâve  transmitted  dynamic  elec- 
tricity,  however  feeble  or  instantaneous  it  may  be,  are  the 
most  sensible  indication  of  the  formation  of  deposits  on  their 
surface,  and  consequently  of  the  existence  of  electrolysis. 

Is  the  résistance  to  passage  simply  due  to  the  polarisation 
of  the  électrodes,  or  is  it  also  due  to  the  fact  itself  of  the 
change  of  conductor  ?  This  question  has  been  for  a  long 
time  controverted.  Fechner  and  Poggendorff  hâve  main- 
tained  that  the  two  causes  equally  contribute  to  the  phenom- 
enon,  against  Ohm,  who  was  the  first  to  establish  that  the 
simple  fact  of  the  passage  of  the  current  from  the  solid  con- 
ductor into  the  liquid  does  not  generate  résistance,  and  that 
the  latter  is  merely  an  effect  of  the  polarisation  of  the  metals« 
Fechner  had  actually  demonstrated,  by  very  accurate  mea- 
surements,  in  his  fine  work  published  in  1831*,  that,  in 
a  closed  voltaic  circuit,  in  which  an  electrolyte  is  in- 
cluded,  but  without  intermediate  plates,  the  total  résistance 
is  always  greater  than  are  the  résistances  of  the  métal  and 
the  liquid  taken  together,  which  proves  the  existence  of  the 
résistance  to  passage  ;  but  he  had  not  examined  the  cause  of 
this  résistance,  and  he  confined  himself  to  pointing  it  out, 
as  had  been  done  by  Marianini  and  myself,  in  indicating  the 
circumstances  that  cause  it  to  vary,  such  as  the  nature  of 
the  metals  and  of  the  liquids,  and  such  also  as  the  size  of  the 
métal  surface  immersed  in  the  liquid  and  the  force  of  the 
current — two  influences  which  are  in  the  inverse  ratio  to 
it  It  is  true  that  Fechner,  replying  more  recently  to 
Ohm's  observations,  had  thought  he  was  able  to  establish, 
by  considérations  deduced  from  the  résistance  to  passage, 
which  exista  in  the  pile,  changing  with  time,  and  from  its 
increasing  constantly  in  proportion  as  the  intensity  of  the 

in  order  to  obtain  a  very  decided  carrent  npon  afterwards  plonging  the  two 
plates  into  acidulated  water. 
*  Maussbestimmungen  ûber  die  Galwanische-Kette,  Leipmg,  1831. 
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current  diminishes,  the  conclusion  that  there  exists,  inde- 
pendently  of  the  effect  due  to  polarisation,  a  positive  résis- 
tance for  the  current  when  it  traverses  conductors  alternately 
liquid  and  solid.  But  this  kind  of  argument  is  not  conclu- 
sive  ;  because  the  effect  of  the  polarisation  of  the  électrodes 
being  essentially  to  croate  a  contrary  current  to  that  which 
is  transmitted,  and  by  this  to  diminish  the  intensity  of  the 
latter,  it  would  be  necessary,  in  order  accurately  to  appre- 
ciate  the  influence  of  this  polarisation,  to  know  the  exact 
relation  that  exists  between  the  secondary  current,  to  which 
it  gives  rise,  and  the  primitive  current,  which  itself  has 
produced  it;  and  this  relation  is  not  known,  or  at  least 
cannot  be  determined  in  a  précise  manner. 

The  only  mode  of  resolving  the  question  is  to  demonstrate 
that  there  is  no  résistance  to  passage  when  there  is  no 
polarisation  of  the  électrodes.  Now,  in  order  to  obtain  this  ab- 
sence of  ail  polarisation,  still  transmitting  the  current  through 
the  electrolyte,  it  is  necessary  to  employ  instantaneous 
currents,  of  equal  intensity,  sent  alternately  in  contrary 
directions,  and  succeeding  each  other  with  sufficient  rapidity 
for  the  polarisation  determined  by  the  first  to  be  annulled 
by  the  inverse  polarisation,  that  is  produced  by  the  following 
one;  that,  for  example,  oxygen  and  hydrogen,  brought 
alternately  by  the  electrolysis  of  water  upon  the  métal 
surface,  may  succeed  each  other  with  sufficient  rapidity  to 
recombine,  without  being  liberated  in  the  gaseous  state  or 
remaining  adhering  to  the  métal. 

I  was  the  first  to  point  ont  a  fact,  which  indicated  the 
possibility  of  this  neutralisation  of  polarisation,  by  employing 
the  alternate  induction  currents,  produced  by  a  Saxton's 
machine,  and  by  transmitting  them  through  an  acid  solution 
placed  in  the  circuit  by  means  of  two  platinum  plates  of  a 
surface  equal  to  that  of  the  section  of  the  liquid,  which  was 
itself  placed  in  a  primitive  trough  with  a  section  of  #62  sq. 
in.  and  3*93  in.  in  length.  Not  only  was  no  gaseous 
libération  manifested  upon  the  électrodes,  but,  on  placing  a 
platinum  plate  as  a  diaphragm  at  the  middle  of  the  liquid, 
the  intensity  of  the  transmitted  currents  was  not  diminished  ; 
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and  although  this  plate  received  successively  upon  each  of 
its  faces  the  oxygen  and  hydrogen  arising  from  the  décompo- 
sition of  the  water,  no  gas  was  seen  to  appear.  The  intensity 
of  the  cnrrents  was  measured  by  a  calorific  voltameter  placed 
m  the  circuit,  or  the  hélix  of  a  Breguet's*  thermometer,  or  a 
fine  platinum  wire,  which  traversed  the  bulb  of  an  air 
thermoscope. 

Poggendorff  and  Yorsellmann  de  Heer,  on  repeating  and 
varying  my  expérimenta,  had  arrived  at  contradictory  résulta 
—  the  former  having  thonght  he  had  fonnd  a  résistance  to 
passage,  independent  of  the  polarisation  of  the  électrodes  ;  and 
the  latter  having  observed  it  to  disappear  as  soon  as  this 
polarisation  ceased  to  exist  Both  of  them  employed  in- 
duction cnrrents  produced  by  Saxton's  machine.  M.  Poggen- 
dorff measured  the  intensity  of  the  cnrrents,  by  means  of  two 
air  thermometers,  the  bulb  of  which,  being  larger  in  one 
than  in  the  other,  was  traversed  by  a  fine  platinum  wire; 
he  placed  a  metallic  diaphragm  in  the  middle  of  a  rectangalar 
box  filled  with  the  conducting  liquid,  so  that  the  two  parts 
of  the  liquid,  separated  by  the  diaphragm,  could  not  commu- 
nicate  together  ;  finally,  he  measured  the  résistance  which  the 
current  suffered  by  the  interposition  of  the  diaphragm,  by 
comparing  it  with  that  of  a  German  silver  wire  -007  in.  in 
diameter.  We  may  add,  that  M.  Poggendorff  was  careful  to 
turn  the  Saxton  machine  at  ail  times  with  the  same  velocity,  so 
as  to  hâve  fifteen  alternate  currents  per  second.  A  great  num- 
ber  of  expérimenta,  made  with  platinum,  copper,  and  iron 
plates,  placed  in  the  same  circumstances,  sometimes  in  dilute 
sulphuric  acid,  at  other  times  in  a  solution  of  hydrochlorate 
of  soda,  gave  him  for  platinum  a  résistance  more  than  double 
that  for  copper,  and  more  than  quadruple  that  for  iron.  M. 
Poggendorff  remarked  that,  independently  of  the  nature  of 
the  liquid  and  of  the  métal,  the  state  of  the  surface  of  the 
latter  influences  in  a  very  notable  manner  the  résistance  to 
passage,  as  well  as  did  élévation  of  température,  which  di- 
minishes  it  in  a  very  considérable  quantity.    This  diminution 

*  Vol.  L^.  21, 
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xnust  not  be  confounded  with  that,  which  is  produced  by  heat 
in  the  résistance  of  conductibility  of  the  liquid  itself,  which> 
as  Ohm  has  demonstrated,  is  indépendant  of  the  électrodes. 
Thus,  with  a  diaphragm  of  platinum  in  diluted  sulphuric  acid 
at  the  température  of  62°86,the  calorific  voltameter  rose  74 
divisions;  and  it  rose  about  110  divisions  when  the  tempe- 
rature  of  the  liquid  was  raised  to  from  167°  to  194°.  If  the 
température  of  the  métal  is  raised  ta  red  heat>  as  in  Leiden- 
frost's  well-knowi»  expérimenta  then  no  current  i*  trans- 
mitted — a  proof  that  there  is  no  contact  between  the  liquid 
and  the  métal. 

M.  Vorsellmann  de  Heer,  in  order  to  show  that  the  résistance 
to  passage  is  due  to  the  polarisation  of  the  électrodes,  employed 
two  galvanometers,  one  of  which,  the  least  sensitive,  measured 
the  direct  current  transmitted  ;  and  the  other,  the  more  dé- 
licate, the  current  arising  from  the  polarisation  of  the  élec- 
trodes. Now,  the  intensitj  of  one  of  thèse  two  currents  was 
the  inverse  of  that  of  the  other  —  a  proof  therefore  that  the 
polarisation  was  the  cause  that  diminished  the  principal 
current,  and  that  produced  consequently  the  résistance  to 
passage.  M.  Vorsellmann  employed  only  a  single  instan- 
taneous  current,  always  of  the  same  intensity — namely,  that 
which  was  produced  by  a  semi-revolution  of  the  armature  of 
a  Saxton's  machine — a  circumstance  that  enabled  hkn  toem>» 
ploy  the  magnetic  galvanometer  for  measuring  it.  The  élec- 
trodes were  plates  of  platinum,  of  copper,  or  of  iron,  very 
homogeneous;  and  the  liquid  water  acidulated  by  a  little 
sulphuric  acid. 

Lenz,  who  in  like  manner  employed  only  a  single  instant 
taneous  current,  had  always  found  a  résistance  to  passage, 
which  is  not  astonishing,  since  he  in  this  manner  always 
brougbt  about  a  polarisation  of  the  électrodes.  When 
we  désire  to  demonstrate  that  there  is  no  résistance  topas* 
gage  properly  so  called,  we  must  succeed  in  nullifying  it,  by 
removing  the  causes  that  give  rise  to  it,.  or  at  least  in  attenu- 
ating  it,  by  diminishing  the  effect  of  thèse  causes.  I  succeeded 
in  accomplishing  this  before  even  the  researches  of  MM.  Pog- 
gendorff  and  Vorsellmann  de  Heer,  by  using,  in  place  of  in- 
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stantaneous  or  of  a  continuons  carrent,  a  séries  of  cnrrenta 
determined  alternately  in  contrary  directions.  I  produced 
thèse  currents,  not  only  by  means  of  Saxton's  induction 
apparatus,  but  also  by  rendering  the  currents  produced  by 
a  DanielPs  pile  of  ten  pairs  instantaneous  and  alternate,  by 
means  of  one  of  the  rheotomes  or  commutators,  that  I  hâve 
described  in  the  first  volume.*  I  first  satisfied  myself,  by 
placing  in  the  circuit  a  capsule  of  platinum,  containing  a 
layer  of  concentrated  nitric  acid  £  or  }  in.  in  thickness,  the 
upper  surface  of  which  was  in  contact  with  a  dise  also  of 
platinum,  that  the  discontinuons  and  alternate  currents  were 
conducted  as  well,  whether  they  traversed  the  layer  of  nitric 
acid,  or  whether,  by  putting  into  contact  the  platinum  cap- 
sule and  dise,  they  were  not  compelled  to  traverse  this  layer. 
It  was  no  longer  the  same  when  the  currents  were  guided 
ail  in  the  same  direction  —  a  proof  that  the  diminution  of 
intensity,  which  they  suffered  in  this  latter  case,  was  due  to 
the  polarisation  of  the  two  surfaces  of  platinum.  The  calo- 
rific  voltameter  that  I  employed  in  this  experiment  was  not 
very  sensitive  ;  it  is  the  one  founded  on  the  measure  of  the 
dilatation  ezperienced  by  a  platinum  wire  that  is  traversed 
by  the  current.  |  With  this  same  voltameter  and  two  platinum 
plates  of  7*59  sq.  in.  of  surface,  plunged  at  a  distance  of 
•39  in.  from  each  other  in  sulphuric  acid  diluted  with  nine 
times  its  volume  of  water,  I  proved  that,  when  the  carrent 
was  continuous  and  gas  was  liberated  upon  the  two  plates, 
the  instrument  went  from  0°  to  17°,  and  that  it  went  to  20% 
as  soon  as  the  Communicator  placed  in  the  circuit  was  put 
in  motion,  and  the  current  was  thus  rendered  discontinuons 
and  alternate.  On  the  other  hand,  if,  by  substituting  in  the 
circuit  for  the  liquid  conductor  a  platinum  wire  of  a  résis- 
tance almost  equal,  so  that  the  voltameter  went  from  0°  to 
20°  by  the  effect  of  the  continuous  current,  I  rendered  this 
current  discontinuous  and  alternate,  the  instrument  indicated 
no  more  than  17°.     Thus  this  latter  form  diminishes  in  fact 


*  VoL  I.  pp.  295.  398. 
t  Vol.  L  p.  32.  fig,  19. 
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!  the  effect  of  the  current  ;  and  if  it  increases  it,  when  there  is 
:  a  liquid  conductor  in  the  circuit,  it  is  because  it  annula  or 
diroinishes  the  résistance  to  passage.  The  following  also  are 
i  the  results  of  expérimenta  made  with  diaphragma  of  différent 
metals,  placed  vertically  in  a  glass  trough  6  in.  in  length,  and 
1  in.  in  width  and  depth,  ao  as  to  divide  the  liquid  conductor 
(sulphuric  acid  diluted  with  nine  timea  ita  volume  of  water), 
into  two,  three,  or  four  compartments,  without  any  direct 
communication  between  them  ;  the  liquid  was  placed  in  the 
circuit,  by  means  of  two  platinum  plates  inserted  at  the  ends 
of  the  trough.  The  calorific  voltameter  is  in  thia  case  an  air 
thermoscope,  the  bulb  of  which,  placed  at  the  top  of  the  tube, 
is  traversed  by  a  fine  platinum  wire  ;  it  carries  an  arbitrary 
division  in  millimètres  (^y  in.),  which  goes  from  the  bottom 
upward. 

Continuotu  Current.  Àltûrnate  Carrent. 
With  a /?Za6*um  diaphragm           -        -      68mia  54mm 

Without  diaphragm     -  Jt8_  48_ 

Différence         .20  6 

With  three  copper  diaphragma  -    144  128 

Without  diaphragm      -  133  126 

Différence  -      11  2 

With  three  tin  diaphragma    -  127  106 

Without  diaphragm     -        -        -  1J15  106 

Différence  -      12  0 

Thus,  for  each  kind  of  diaphragm,  the  résistance  to  passage 
is  much  less  with  alternate  currents  than  with  direct  currents, 
and  it  ends  by  becoming  null  with  diaphragms  of  tin.  We 
may  also  annihilate  it  with  copper  diaphragms  when  the 
latter  hâve  already  served  for  several  similar  experiments, 
their  surfaces  then  presenting  a  pulvérulent  aspect,  which 
indicates  that  they  hâve  undergone  a  séries  of  oxidations  and 
of  réductions.  We  succeed  in  rendering  it  almost  insensible 
with  diaphragms  of  platinum  by  employing  a  solution  of 
hydrochlorate  of  ammonia,  which  causes  the  platinum  to  be 
alternately  attacked  and  reduced  by  hydrochloric  acid.  We 
obtain  the  same  resuit  with  dilute  sulphuric  acid,  when  we 
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employ  for  électrodes,  the  capsule  and  plate  of  platinum  of 
which  I  hâve  made  mention  above.  On  interposing  between 
this  capsule  and  dise  a  capsule  of  lesser  diameter,  we  in  no 
way  modify  the  intensity  of  the  alternate  currents,  which  are 
transmitted  equally  well,  whether  the  capsule  be  there  or 
not,  and  whether  it  be  of  platinum,  of  copper,  or  of  tin. 
However,  this  resuit  is  obtained  with  the  platinum  capsule 
only  when  the  experiment  has  continued  for  a  sufficient  time 
to  modify  its  surface  ;  whilst,  with  the  other  two,  it  takes 
place  immediately. 

In  ordef  to  succeed  well  in  thèse  latter  expérimenta,  it  is 
necessary  to  employ  the  Saxton's  machine,  because  we  can 
cause  the  currents,  that  are  determined  alternately  in  con- 
trary  directions,  to  succeed  each  other  with  greater  rapidity. 
Thus,  in  my  latter  expérimenta  there  were  at  least  40  per 
second.  In  the  first  there  were  only  27  ;  and  it  is  not  sur- 
prising  that,  in  those  of  Poggendorff,  where  there  were  only 
15,  the  résistance  to  passage  had  never  been  completely  an- 
nihilated. 

It  is  évident,  from  what  has  gone  before,  that  the  cause 
which  produces  résistance  to  the  passage  from  a  solid  con- 
ductor  into  a  liquid,  is  the  deposit  upon  the  metallic  surface 
of  the  électrode  of  the  foreign  substance,  arising  from  elec- 
trolysis,  whether  the  résistance  due  to  this  deposit  be  only 
passive,  by  the  effect  of  the  inferior  communication  between 
the  liquid  and  the  métal  ;  or  be  active  also,  by  the  création 
of  a  contrary  current,  due  to  the  polarisation  of  the  metallic 
surfaces.  In  every  case,  in  order  to  annihilate  the  résistance 
to  passage,  it  is  necessary  to  prevent  the  formation  of  the 
deposit,  or  to  destroy  it  immediately  it  is  formed.  It  is  this 
that  is  accomplished  with  the  alternate  currents,  which,  suc- 
ceeding  each  other  very  rapidly,  carry  successively  oxygen 
and  hydrogen  upon  the  same  surface  in  an  interval  of  time 
sufficiently  short  for  them  to  be  able  to  combine  before  be- 
coming  liberated.  However,  the  aspect  of  the  métal  surfaces, 
that  hâve  for  some  little  time  transmitted  thèse  currents 
shows  that  there  has  not  been  simply  a  deposit  of  oxygen,  but 
an  oxidation,  immediately  followed  by  a  réduction  by  hy- 
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drogen.  Platinum  itself  becomes  at  last  covered  by  a  black 
powder,  which  is  finely  divided  platinum,  the  production  of 
*wbich  can  only  be  explained  by  a  séries  of  oxidations  and 
réductions,  which  this  métal  nmst  hâve  undergone.  We 
sliall  see  that  oxygen,  in  the  nascent  state,  is  usually  able  to 
become  capable  of  combining  directly  with  platinum.* 

We  do  not  always  obtain  the  disappearance  of  the  deposit 
vrith  alternate  currents,  and  we  can  sometimes  obtain  it  with 
continuous  currents.  Thus,  as  an  example  of  the  former 
case,  I  will  cite  lead,  which,  employed  as  a  diaphragm,  is 
covered  by  alternate  currents  upon  both  its  surfaces,  with  a 
coating  of  white  oxide,  which  is  not  reduced,  whilst  this 
coating  is  formed  upon  a  single  surface  alone,  when  the 
current  is  continuous  ;  whence  it  follows  that,  contrary  to  what 
takes  place  with  other  diaphragma,  the  current  is  less 
weakened  by  the  interposed  plate  of  lead  when  it  is  con- 
tinuous than  when  it  is  discontinuous  and  alternate.  As  an 
example  of  the  second  case,  I  will  cite  nitric  acid,  which,  in 
contact  with  the  négative  platinum  électrode,  renders  its 
résistance  to  passage  almost  null,  by  preventing  upon  the 
surface  of  platinum  the  deposit  of  hydrogen,  which  it  absorbs 
in  proportion  as  it  is  produced,  becoming  converted  into 
nitrous  acid.  I  will  again  cite  the  fact,  which  I  hâve  already 
pointed  out  in  the  First  Chapter  of  this  Fourth  Part,  that  we 
hâve  merely  to  heat  or  to  shake  the  négative  platinum  élec- 
trode plunged  in  an  acid  solution,  in  order  to  attenuate 
notably  the  résistance  to  passage,  even  by  a  continuous 
current  M.  Beetz  satisfied  himself  by  direct  expérimenta 
that  this  heating  and  shaking  diminish  proportionally  more  the 
polarisation  of  the  négative  than  that  of  the  positive  électrode, 
especially  when  the  current  has  but  little  intensity, —  a  case, 
in  which  is  easily  manifested  the  prépondérant  influence  of 

*  The  formation  of  the  black  powder  of  platinum  is  also  observed  when  a 
powerful  current  has  been  transmitted  for  a  long  tinie  continuously  throngh  a 
Toltameter  with  plates  or  wires  of  platinum,  charged  with  sulphuric  acid  dilatcd 
with  nine  times  its  volume  of  water.  This  powder  is  deposited  at  the  bottom  of 
the  vcssel,  and  evidently  arises  from  a  séries  of  oxidations  and  réductions 
which  the  surface  of  the  négative  électrode  suffers,  under  the  alternate  influence 
of  the  oxygen  dissolved  in  the  liquid  and  of  the  hydrogen  that  is  liberated. 
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the  sliaking  and  heating  of  the  négative  électrodes  over  the 
facility  of  the  cnrrent's  being  transmitted. 

The  part  played  by  platinum  as  an  électrode  is  very  re- 
markable  ;  for,  although  it  passes  for  being  not  oxidisable,  we 
see  it  comport  itself  like  the  metals  that  are  so,  but  in  a 
feeble  degree.  Thus  the  black  powder,  that  is  formed  upon 
the  platinum  wires,  that  hâve  been  employed  for  a  long  time 
as  électrodes  to  alternate  currents  in  a  solution  of  nitric  or 
sulphuric  acid,  indicates  that  thèse  wires  hâve  undergone  a 
séries  of  oxidations  and  of  réductions,  which  is  further  proved 
by  the  condition  of  their  surface,  when  the  powder  has  been 
removed  which  from  polish,  as  it  was,  has  become  covered  with 
roughness.  Gold  and  palladium  présent  the  same  phenomena 
as  platinum,  but  more  promptly  :  gold  becomes  covered  with 
a  greenish  pellicle  ;  palladium  with  a  layer  of  bluish  black. 
Thèse  layers  are,  in  like  manner,  formed  by  the  pure  métal, 
but  very  divided  ;  for  the  burnisher  renders  to  them,  as  to 
the  black  powder  of  platinum,  the  metallic  brilliancy  ;  and 
when  introduced  into  the  explosive  mixture,  the  three  powders 
equally  cause  it  to  detonate  :  only  it  is  necessary  for  that  of 
gold  to  raise  the  température  to  122°. 

For  wires  of  platinum,  as  for  wires  of  gold,  the  quantity 
of  gas  liberated  goes  on  diminishing,  in  proportion  as  the 
pulvérulent  layer  is  formed;  and  at  the  same  time  the 
current  transmitted  increases  in  intensity,  as  is  shown  by  the 
indications  of  the  calorific  voltameters.  Thus,  with  platinum 
wires  in  water,  acidulated  to  a  tenth,  at  the  end  of  one 
minute,  the  hélix  of  the  voltameter  *  marked  27°,  and  the 
gas  liberated  was  *427  cub.  in.  ;  and  at  the  end  of  seventeen 
minutes,  the  hélix  marked  40°,  and  the  liberated  gas  was 
in  ail  about  2*74  cub.  in.,  and  only  '061  cub.  in.  in  the 
seventeenth  minute.  The  wires  were  then  entirely  covered 
with  the  black  powder,  and  the  gaseous  mixture  detonated 
without  leaving  any  residuum — a  proof  that  the  oxygen 
and  hydrogen  existed  in  it  in  the  proportion,  that  forms 
water.       With   gold  wires   there  is   sometimes,   after   the 

*  VoL  l.fig.  2i.p.  33. 
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détonation,  a  slight  residuum  of  hydrogen,  which  rises  from 
the  gold  being  slightly  oxidised  ;  this  fact  explains  why  the 
currents  pass  a  little  more  easily,  as  is  proved  by  the  indi- 
cation of  the  hélix  of  the  voltameter,  which  at  the  end  of  ten 
minutes  marks  as  much  as  46°. 

The  condition  of  the  surface  of  the  platinum  exercises 
an  influence  over  its  facility  of  being  disaggregated.  Wires 
7  in.,  and  even  13  in.,  in  length,  whether  straight  or 
coiled  into  a  hélix,  are  very  quickly  covered  with  the  black 
powder  when,  being  plunged  into  water  with  one-tenth 
sulphuric  acid,  they  serve  as  électrodes  to  induction  currents, 
that  succeed  each  other  at  the  rate  of  40  per  minute. 
The  opération  is  much  longer  and  more  difficult  for  plates  ; 
and  the  gases  recombine  at  their  surfaces  a  long  time  before 
any  traces  of  divided  platinum  are  perceived.  With  spongy 
platinum  serving  as  électrodes,  there  is  never  any  gaseous 
libération,  and  the  température  of  the  calorific  voltameter 
placed  in  the  circuit  is  higher  ;  in  gênerai,  this  température 
attains  its  maximum  in  ail  cases  as  soon  as  there  ceases 
to  be  a  libération  of  gas.*  The  heating  of  the  liquid,  which 
increases  the  intensity  of  the  current,  when  the  wires  being 
no  longer  blackened,  there  is  a  production  of  gas,  exercises 
almost  no  influence  when,  the  black  layer  being  formed,  ail 
gaseous  libération  disappears. 

The  property  that  we  hâve  been  recognising  in  platinum, 
of  bringing  about  the  combination  of  the  gases  arising  from 
electrolysis,  in  proportion  as  they  are  liberated  alternately 
upon  its  surface,  must  evidently  be  the  same  as  that  in 
virtue  of  which  this  métal  causes  the  détonation,  on  being 
introduced  into  it,  of  a  mixture  of  oxygen  and  hydrogen 
made  in  the  proportions  that  constitute  water,  as  was  dis- 
covered  by  Doebereiner.  We  may  remark,  first,  that  the 
conditions,  which  render  platinum  susceptible  of  inflaming 
the  detonating  mixture,  are  the  same  as  those,  that  favour 
its  disaggregation  in  electrolysis, —  namely,  the  absence  from 

*  Wo  must  not  confound  the  température  of  the  calorific  yoltamoter  placed 
in  the  circuit  with  that  of  the  liquid  decomposcd,  which  is  altogether  indc- 
pendent  of  it. 
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the  surface  of  ail  foreign  matter  whatever,  the  roughness 
that  it  présents,  &c.  Faraday  has  even  reraarked,  that 
the  mère  fact  of  havîng  served  as  an  électrode  in  an  acid 
solution  renders  a  platinum  plate  eminently  fitted  to  bring 
about  the  combination  of  oxygen  and  hydrogen.  This  is  not 
ail  ;  the  proof  that,  in  Doebereiner's  experiment,  there  is  a 
succession  of  alternate  oxidations  and  réductions  is,  that  a 
platinum  wire,  well  cleaned  and  coiled  into  a  hélix,  employed, 
instead  of  spongy  platinum,  for  inflaming  hydrogen  in  the 
air,  soon  acquires  a  greyish  pulvérulent  surface,  which  is 
due  to  the  disaggregation  of  the  métal.  In  order  to  facilitate 
the  opération,  it  is  necessary  slightly  to  heat  the  platinum 
wire,  by  letting  it  be  traversed  by  an  electric  current  of 
feeble  intensity,  and  directing  upon  the  hélix  a  current  of 
hydrogen  mixed  with  atmospheric  air,  by  means  of  a  stop-cock 
with  two  openings.  The  same  disaggregation  is  observed 
in  a  platinum  wire,  that  has  been  used  for  Davy's  aphlogistic 
lamp.  We  hâve  merely  then  to  coil  into  a  hélix  a  platinum 
wire  -j-J-g-  in.  in  diameter,  and  to  place  it  upon  a  spirit  lamp, 
after  having  carefully  washed  it,  first  in  nitric  acid,  then  several 
times  in  distilled  water,  so  as  to  bave  it  dry  and  sheltered  firom 
dust  The  lamp  is  lighted,  so  that  the  wire  becomes  red  ; 
and  when  it  is  red,  the  flame  is  extinguished:  it  then  remains 
incandescent  by  the  effect  of  the  vapour  of  alcohol.  If 
the  experiment  is  allowed  to  continue  for  twenty-four  and 
even  forty-eight  hours,  the  wire,  which  was  perfectly  smooth, 
présents,  at  the  end  of  this  time,  a  pulvérulent  surface,  due 
to  disaggregated  platinum — a  proof  that  the  phenomenon 
of  the  aphlogistic  lamp  consists  also  of  a  séries  of  oxidations 
and  réductions,  due  to  the  alternate  action  of  the  oxygen 
of  the  air,  and  of  the  vapour  of  alcohol.  I  hâve  greatly 
varied  this  experiment  I  hâve  employed  very  pure  alcohol, 
wicks  of  amianthus  instead  of  cotton  wicks,  and  hâve 
always  observed  the  same  resuit  I  hâve  besides  remarked, 
that  the  wires  whose  surface  is  thus  disaggregated,  are  much 
superior  to  others  for  making  the  experiment  of  the  aphlo- 
gistic lamp  succeed. 

The  phenomena,  that  are  presented  by  platinum,  as  well 
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in  this  case  as  in  that  of  electrolysis,  are  altogetlier  similar 
to  those,  which  take  place  with  other  more  or  less  oxidisable 
raetals,  such  as  gold,  silver,  and  copper,  when  exposed  to  the 
action  of  the  flame  of  a  spirit  lamp  — phenomena,  which 
Dr.  Henry  has  so  well  stadied.  Thèse  metals,  and  especially 
copper,  are  very  rapidly  reduced  to  powder,  by  the  sac- 
cession  of  alternate  oxidations  and  réductions  which  they 
undergo.* 

Let  us  now  return  to  phenomena  of  electrolysis  properly 
so  called,  and  see  how  the  property,  which  we  hâve  been 
recognising  in  platinum,  and  studying,  may  acconnt  to  us  for 
the  anomalies,  that  hâve  induced  several  physicists  to  conceive 
that  the  laws,  by  which  chemical  décompositions  are  regu- 
latcd  were  at  fault,  and  consequently  were  not  gênerai. 

I  had  made  a  séries  of  experiments,  in  which  I  employed 
for  électrodes  plates  and  wires  of  platinum  perfectly  purified, 
but  of  différent  dimensions,  and  as  an  electrolytic  liquid  very 
pure  sulphuric  acid,  diluted  with  nine  times  its  volume  of 
acidulated  water.  The  platinum  plates  were  cleaned  ac- 
cording  to  the  process  pointed  out  by  Faraday,  which  consists 
in  making  them  red-hot,  and  rubbing  them  with  a  pièce 
of  potash  whilst  they  are  incandescent,  and  then  plunging 
them  into  boiling  sulphuric  acid,  and  afterwards  washing 
them  in  distilled  water,  constantly  renewed.  The 
platinum  wires  were  cleaned  in  like  manner,  and 
inserted  in  glass  tubes  closed  by  the  spirit  lamp 
(Jig.  239.),  so  as  to  présent  only  a  very  small  surface 
of  contact  with  the  liquid.  The  plate  was  bent  into 
a  spiral,  and  placed  under  a  graduated  tube  filled  with 
acidulated  water,  and  intended  for  collecting  ail  the 
<ig.  289.  ^  tjjat  js  ui^ratej^  The  wire  was  introduced  into  a 
similar  tube  plunged  into  the  same  liquid.  The  communications 

*  The  Tarions  décompositions  and  combinations,  that  are  bronght  àbout  by 
platinum,  especially  in  aie  state  of  éponge,  and  which  hâve  been  attributed  to 
catalytic  force  —  those  especially  that  hâve  been  observed  by  M.  Kuhlraann  — 
appear  tometo  be  capable  of  being  very  easily  explained,  by  admitting  an  oxi- 
dation  of  platinum  immediately  followed  by  its  réduction.  We  cannot,  in  fact, 
obtain  thèse  Tarions  phenomena,  ozcept  so  long  as  oxygen  is  présent  under 
one  form  or  another. 
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of  the  plates  and  wire  with  the  respective  pôles  of  the  pile  were 
established  by  means  of  platmum  wires 
covered  with  glass  tubes,  so  as  to  hâve  no 
points  of  contact  with  the  liquid  (Jîg.  240.). 
The  following  is  the  resuit  of  some  of 
thèse  expérimenta  :  — 

Négative  plate 
Positive  wire 
Négative  wire 
Positive  plate 

There  is  wanting  *28  cub.  in.  of  oxygen, 
which  has  been  taken  up  by  the  plate. 
In  the  following  expérimenta  the  plate  was 
placed  immediately  in  communication 
with  the  positive  pôle,  before  having  been 


6  cub.  in.  of  hydrogen. 
3        „      of  oxygen. 
2*5      n      of  hydrogen. 
•97  „      of  oxygen. 


Fig.  240. 

with  the  négative  :  — 

Négative  wire 
Positive  plate 


-  1*22  cub.  in.  of  hydrogen. 
-•48        „      of  oxygen. 


•13  cub.  in.  of  oxygen  taken  by  the  plate  is  wanting.     The 
pôles  were  changed  :  — 


Négative  plate 
Positive  wire 


-  '94  cub.  in.  of  hydrogen. 

-  *61        M      of  oxygen. 


•28  cub.  in.  of  hydrogen  are  wanting  —  namely,  almost 
double — and,  consequently,  about  the  équivalent  of  the  oxygen 
that  had  disappeared. 

The  following  is  another  experiment,  in  which  the  plate, 
after  having  been  thoroughly  cleansed,  was  put  into  com- 
munication first  with  the  positive  pôle  :  — 


Négative  wire 
Positive  plate 


-  1-22  cub.  in.  of  hydrogen. 

-  *36        „      of  oxygen. 


•25   cub.   in.   of  oxygen   is  wanting.     On  changing  the 
pôles  :  — 

Négative  plate  -           -  -    «85  cub.  in.  of  hydrogen. 

Positive  wire  -            -  -    *61       „      of  oxygen. 

•37  cub.  in.  of  hydrogen  is  wanting.     There  should  hâve 
been  a  deficiency  of  *48  cub.  in.,  in  order  to  represent  the 
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équivalent  of  oxygen  that  has  been  taken  up  by  the  plate 
in  the  previous  experiment.  In  gênerai,  it  is  rarely  that  we 
recover  ail  the  oxygen,  that  the  plate  has  taken  up,  either 
because  the  liqnid  dissolves  some  of  it,  or  because  there  is 
also  a  formation  of  oxygenated  water,  as  we  are  about  to 
see.  The  oxygen  that  is  recovered,  and  that  is  équivalent 
to  the  missing  hydrogen,  is  that  which  remains  upon  the 
surface  of  the  platinum. 

Spongy  platinum,  and  a  long  platinum  wire  covered  with  the 
black  powder,  conduct  themselves  like  the  cleansed  plate  — 
namely,  they  absorb  a  large  proportion  of  oxygen.  In  two  suc- 
cessive experiments,  the  long  platinum  wire  gave  only  5  mea- 
sures  of  oxygen  against  20  of  hydrogen,  liberated  on  the  short 
wire  :  5  of  oxygen  were  therefore  wanting  ;  4  were  recovered 
by  changing  the  pôles,  for  we  had  then  no  more  than  12 
hydrogen  against  10  oxygen — a  proof  that  8  hydrogen  had 
been  absorbed. 

Sometimes  it  would  seem  that  a  small  portion  of  the  oxide 
of  platinum  is  dissolved,  when  the  surface  of  the  platinum, 
upon  which  it  is  formed  is  pulvérulent,  as  when  the  acid  is 
concentrated  on  boiling. 

We  hâve  said  that  a  portion  of  the  gas  is  dissolved  in  the 
electrolytic  liquid.  But  this  solution  is  far  from  being  the 
cause  of  the  altérations  in  the  proportions  of  gases  liberated  ; 
indeed,  when  two  platinum  électrodes  do  not  change  functions, 
and  always  continue  to  be,  one  the  positive  électrode,  and 
the  other  the  négative,  we  find,  after  we  hâve  made  allow- 
ance  for  the  oxygen,  that  is  absorbed  by  the  former  at  the 
commencement,  that  the  gases  finish  by  being  liberated  in 
the  proportions  that  constitutè  water,  even  when  the  electro- 
lytic liquid  is  renewed  around  the  surface  of  the  two 
platinums.  Moreover,  the  secondary  polarities  that  are 
acquired  by  the  platinum  plates,  and  which  they  préserve 
entire,  on  being  transported  into  another  liquid,  are  a  proof, 
that  the  gases  hâve  remained  adhering  to  their  surface — at 
least,  the  oxygen  ;  for  it  might  be  that  the  property  acquired 
by  the  négative  plate  is  less  due  to  the  gas  remaining 
adhering  to  its  surface  than  to  the  state  of  purity,  to  which 
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it  bas  been  brought  by  tbe  libération  of  the  hydrogen,  that 
takes  place  upon  it.  We  shail  see  this  when,  in  the  study  of 
the  sources  of  electricity,  we  are  engagea  with  the  currents 
produced  by  secondary  polarities.  With  regard  to  the  ad* 
herence  of  the  oxygen,  we  hâve  seen  that  it  cannot  be  simply 
physical,  as  several  physicists  hâve  admitted,  but  that  it 
is  rather  a  phenomenon  of  that  superficial  oxidation  of  which 
chemistry  présents  us  with  a  great  number  of  examples  f 
since  we  are  unable  to  explain  the  disaggregation  of  the  métal, 
if  a  séries  of  oxidations  and  réductions  are  not  brought  about. 
Moreover,  we  shall  see  further  on,  that  in  thèse  cases  the 
oxygen  is  in  a  peculiar  state,  which  renders  it  more  sus- 
ceptible of  attacking  the  platinum.* 

The  détails,  into  which  we  hâve  been  entering,  enable  us 
now  to  explain  the  numerous  anomalies  that  hâve  presented 
themselves  to  several  physicists,  in  the  employaient  of  volta- 
meters  with  plates  and  wires  of  platinum.  Faraday  had 
already  pointed  ont  the  errors  that  might  be  committed 
in  making  use  of  this  instrument,  and  the  précautions 
to  be  taken  in  order  to  avoid  them.  More  recently  Mr. 
Gassiott  made  several  expérimenta  with  three  voltameters, 

*  M.  Schœnbein  indeed  lias  maintained  that  there  has  been  no  oxidation 
either  of  platinum  or  gold ,  bat  that  there  has  been  simply  an  adhérence  of 
oxygen  to  the  surface  of  the  métal.  He  supported  his  opinion  on  the  mets, 
that  tbe  appearance  of  the  métal  does  not  change,  that  it  does  not  lose  a  fraction 
of  its  weight  at  ail  in  proportion  to  what  it  onght  to  lose,  when  the  suppœed 
layer  of  oxide  is  removecL  Finally,  he  explains  the  disaggregation  of  the 
électrodes  by  a  mechanical  transport  of  particles  analogous  to  that  which  takes 
place  in  the  experiment  with  charcoal  points.  To  thèse  objections  we  may 
repîy,  first,  that  there  is  no  transport  of  particles,  since,  on  taking  for  électrodes 
a  wire  of  gold  and  a  wire  of  platinum,  we  ncver  find  the  divided  gold  except 
upon  the  gold  wire,  and  the  divided  platinum  except  upon  the  platinum  wire; 
moreover,  the  conditions  favourable  to  the  production  of  the  pulvérulent  layer 
are  precisely  the  converse  of  those  which  physical  disaggregation  would  require— 
namely,  the  absence  of  décomposition  of  the  liquid,  and  a  high  electric  tension. 
With  regard  to  the  appearance  of  the  oxidised  métal,  it  is  true,  especially  in  the 
case  of  platinum,  that  it  différa  but  little  frorn  that  of  the  pure  métal  ;  but  h  is 
the  same  with  many  other  metals,  when  we  are  concerned  with  only  a  thin  film 
of  the  sub-oxide,  which,  for  the  white  metals  especially,  merely  tarnislies  their 
surface.  Finally,  it  is  well  known  by  ail  chemists  that  their  platinum  crucibles 
end  by  being  altered  by  the  action  of  boiling  nitric  and  sulphuric  acida.  We 
may  even  see,  by  leaving  a  morsel  of  spongy  platinum  for  some  days  in  a 
vessel  filled  with  perfectlv  pure  nitric  acid,  and  hermetically  sealed,  that  this 
acid  acquires  a  colour  which  indicatcs  the  présence  of  nitrous  acid,  and  con- 
scquently  the  oxidation  of  the  platinum  at  tho  expense  of  the  oxygen  of  the 
nitric  acid. 
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whose   électrodes    were  wires  and  plates  of   platinum  of 
différent  dimensions,  and  which  he  filled  either  with  distilled 
water,  or  with  a  solution  of  sulphuric  acid.     On  placing  them 
one  after  the  other  in  the  circuit,  he  remarked  that  the  one  with 
short  wires  always  gave  a  proportion  of  gas  a  little  higher  than 
the  other  two.    M.  Poggendorff  in  order  to  collect  the  gases 
separately,  and  in  order  at  the  same  time  not  to  diminish  too 
much  the  force  of  the  current,  by  thrusting  the  glass  tubes 
that  collect  them  down  into  the  electrolytic  liquid,  contrived  a 
voltameter,  in  which  the  two  graduated  tubes  that  collect  one 
the  oxygen,  the  other,  of  double  the  section,  the  hydrogen,  are 
prolongea  below  by  a  cylinder  of  porous  clay  ;  the  two  cylin- 
ders  are  fixed  vertically  at  the  bottom  of  a  glass  vessel  filled 
with  acidulated  water,  and  the  platinum  électrodes  are  sealed 
to  the  bottom  of  the  vessel  so  as  to  penetrate,  one  into  one 
of  the  porous  cylinders,  the  other  into  the  other  ;  and  they 
corne  out  exteriorly,  in  order  to  be  placed  in  communication 
with  the  pôles  of  the  pile.     In  this  manner,  not  only  are 
the  gases  prevented  from  mixing,  but  the  mixture  of  the 
liquida  is  also  avoided,  which,  in  contact  with  each  of  the  élec- 
trodes, hold  more  or  less  in  solution  a  portion  of  the  hydrogen 
and  especially  of  the  oxygen  ;  and  there  is  thus  no  recompo- 
sition between  thèse  two  gases. 

This  last  précaution  is  the  more  necessary,  as  M.  Jacobi 
has  in  fact  remarked  that  the  recomposition  of  the  mixed  gases 
takes  place,  even  when  the  platinum  électrodes  do  not  corne  out 
of  the  liquid,  as  soon  as  there  is  above  them  a  tube  filled  with 
the  gaseous  mixture,  which  is  probably  dissolved  in  proportion 
as  that  which  is  already  beneath  them  disappears  under  the 
influence  of  the  platinum,  to  re-form  water.  If  the  acids 
employed  are  very  pure,  and  the  électrodes  perfectly  clean,  at 
the  end  of  some  hours,  the  combination  is  entirely  brought 
about,  and  there  remains  no  gas;  the  recomposition  takes 
place  still  more  rapidly  when  the  surface  of  the  platinum  is 
pulvérulent 

Température  appears  to  diminish  this  facility  of  the  gases 
liberated  in  the  voltameters  combining.  This  explains  why  M. 
Soret,  on  taking  two  voltameters  perfectly  similar,  placed  one 
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after  the  other  for  the  saine  time  in  the  same  circuit,  but  one 
remaining  cold  and  the  other  heated  in  a  boiling  vapour 
bath,  constantly  found  that  the  heated  one  liberated  a  little 
greater  proportion  of  gas.  As  soon  as  he  allowed  it  to  cool,  the 
différence  disappeared  ;  the  latter  was  constantlj  2\  per  cent. 
In  thèse  expérimenta,  the  cold  voltameter  was  kept  in  a  mixture 
of  ice  and  sea-salt.  M.  Soret  determined  the  proportion  of 
gaseous  mixture,  either  b y  measuring  it  directly,  or  by  dosing 
the  hydrogen,  as  in  an  organic  analysis  ;  and  by  the  two  pro- 
cesses he  arrived  at  the  same  resuit 

The  différence,  that  we  hâve  just  been  pointing  ont,  may  be 
due  to  two  causes  ;  first,  to  the  fact  that  oxygen,  liberated  at  a 
low  température,  combines  more  easily  with  hydrogen,  which 
causes  the  recomposition  of  the  gases  to  be  greater  ;  then,  to 
a  formation  of  a  bi-oxide  of  hydrogen,  which  does  not  take 
place  at  an  elevated  température.  M.  Meidinger  has  indeed 
observed,  on  employing  for  électrodes  platinum  plates  1*5  in. 
in  length  by  1  '29  in.  in  width,  and  a  solution  of  sulphuric  acid 
of  a  density  of  1*3,  that  the  proportion  of  oxygen  liberated  is 
inferior  to  that  of  hydrogen  at  the  ordinary  température, 
and  is  slightly  superior  to  it  at  an  elevated  température. 
This  influence  of  température  is  the  more  marked,  as  the 
electric  current  is  more  intense.  The  hydrogen  remains  in 
gênerai  tolerably  constant,  as  well  when  the  acid  solution  is 
more  or  less  diluted,  as  when  its  température  is  caused  to 
vary  ;  it  is  the  quantity  of  oxygen  that  is  generally  less  as 
the  solution  is  more  concentrated  and  colder.  M.  Meidinger 
had  concluded  from  thèse  varions  observations  that,  in  the  elec- 
trolysis  of  acidulated  water,  there  is  formed  bi-oxide  of  hy- 
drogen at  the  positive  électrode.  This  conclusion  is  found  to 
be  confîrmed  by  the  fact  that  the  acid  solution  acquires  the 
property  of  decomposing  iodide  of  potassium,  a  property  pos- 
sessed  by  oxygenated  water;  as  well  as  by  the  faculty, 
possessed  by  the  positive  électrode,  of  liberating  pure  oxygen 
when,  after  having  allowed  the  décomposition  of  the  dilute 
acid  to  go  on  for  a  long  time,  this  électrode  is  left  in  the 
liquid  ;  but  which  it  loses,  as  soon  as  it  is  transported  into 
another  liquid.     Now,  as  we  know  that  platinum,  which  bas 
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served  as  a  positive  électrode  for  decomposing  acidnlated 
water,  décomposes  oxygenated  water  by  its  contact  with  it,  this 
experiment  is  a  proof  of  the  présence  of  this  compound  in  the 
liquid.  We  may  moreover  further  prove  it  by  heating  the 
acidnlated  water;  we  then  see  an  abondant  libération  of 
oxygen  arising  from  the  décomposition  of  the  oxygenated 
water,  and  this  water  loses  by  this  the  property  of  reacting 
upon  iodide  of  potassium;  M.  Meidinger  has  remarked  also 
that  the  oxygenated  water,  by  diffosing  itself  in  the  electro- 
lytic  liquid,  is  able  to  react  upon  the  hydrogen,  liberated  at 
the  négative  électrode,  especially  when  this  électrode  has  a 
large  surface.  Thus  two  identical  voltameters  having  been 
filled,  one  with  perfectly  pure  acidnlated  water,  the  other  with 
electrolysed  water,  namely,  charged  with  oxygenated  water, 
only  14*27  cub.  in.  of  hydrogen  were  found  in  the  latter 
voltameter,  whilst  there  were  14*64  in  the  former.  It  was 
merely  necessary  to  introduoe  the  platinum  plate,  which  has 
been  employed  as  a  positive  électrode,  into  the  liquid  in  the 
tube,  in  which  the  hydrogen  is  liberated,  in  order  to  see  the 
volume  of  gas  gradually  diminish,  in  conséquence  of  the 
action  exercised  upon  it,  under  the  influence  of  the  platinum, 
by  the  oxygenated  water  formed  during  electrolysis.  We 
may  add,  that  a  low  température  and  a  small  dimension  of 
the  positive  électrode  favour  this  formation  of  oxygenated 
water. 

It  follows,  from  the  analysis  that  we  hâve  been  making,  and 
in  particular  from  the  labours  of  M.  Meidinger,  that,  in  order 
to  obtain  exact  results  with  the  voltameter,  it  is  necessary 
to  measure  the  hydrogen  arising*  from  electrolysis,  and  not 
the  oxygen  or  the  gaseous  mixture;  that  we  should  employ, 
especially  for  liberating  hydrogen,  électrodes  with  small 
surfaces  ;  that  we  must  take  this  précaution  of  changing  the 
acidulated  water  of  the  voltameter  after  each  experiment,  or 
at  least  of  heating  it  so  as  to  relieve  it  of  ail  the  oxygenated 
water,  that  it  may  contain. 

Without  detaining  ourselves  with  other  experiments  of  the 
same  kind,  we  shall  confine  ourselves  to  relating,  in  addition, 
those  by  which  M.  Despretz,  by  operating  on  a  large  scale 
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with  voltameters  having  platînum  wires,  and  water  either 
distilled  or  acidulated  to  varions  degrees  with  sulphuric  acid, 
found  that  the  quantity  of  gas  liberated  in  each  was,  at  least 
within  a  hundredth  part,  always  the  same,  when  they  were 
placed  in  the  same  circuit  for  the  same  time.     The  volta- 
meters  that  M.  Despretz  employed,  had  as  électrodes  pla- 
tinum  wires  *47  in.  distant  from  each  other  ;  he  had  commenced 
by  filling  three  of  them  with  water,  acidulated  to  ^,  ^u,  and 
-5-0-0  with  sulphuric  acid.     In  8  minutes  he  obtained  in  each, 
with  12  Bunsen's  pairs,  1*09  cubic  inches  of  gas.     On  re- 
placing  the  water  that  contained  y^  of  sulphuric  acid  by 
distilled  water,  he  obtained  with  300  Bunsen's  pairs  '903 
cubic  inches  in  each  voltameter,  except  in  that  filled  with 
distilled  water,  where  there  was  a  volume  a  little  more  con- 
sidérable.    The  mean  of  four  expérimenta,  made  with  only 
two  voltameters,  filled  the  one  with  pure  water,  the  other  with 
acidulated  water,  gave  him  in  45  minutes  -6127  cubic  inches 
in  the  pure  water,  and  a6156  cubic  inches  in  the  acidulated 
water.     It  is  true  that  the  température  of  the  distilled  water 
rises  considerably,  even  to  twenty  times  more  than  that  of 
water,  which  contains  only  20*00  of  sulphuric  acid.      This 
explains  why  the  gaseous  volume  in  it  is  slightly  more  con- 
sidérable, the  gas  not  being  able  to  dissolve  so  easily  in  it 
Moreover  the  décomposition. of  distilled  water  présents  other 
peculiarities  ;  ail  the  water  (more  than  61  cubic  inches  in 
M.   Despretz's  experiments)  became    frothy   and   whitish, 
which  is  due  to  the  great  dissémination  of  the  gaseous  molé- 
cules, whilst  water  acidulated  to  20*0Ô,  as  well  as  to  -j^,  remains 
perfectly  transparent,  and  the  libération  of  the  gas  in  it  is 
only  manifested  at  the  extremity  of  the  wires,  under  the  form 
of  a  circle  of  bubbles  ;  this  remarkable  différence,  is  due  to  the 
great  résistance  which  the  current  encounters  in  its  trans- 
mission through  pure  water,  obliging  it  in  this  case  to  diffuse 
itself,  and  to  pass  by  ail  the  points  of  contact  of  the  surface 
of  the  wire  and  of  the  liquid. 

Whatever  may  be  the  case,  we  see  therefore  that  in  taking 
account  of  ail  thèse  causes,  which  may  disturb  the  manifest- 
ation of  Faraday's  law,  and  in  endeavouring  to  avoid  them, 
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this  law  îs  still  found  exact  in  the  décomposition  of  pure 
water,  as  in  that  of  acidulated  water,  and  in  the  décompo- 
sition of  saline  solutions.* 

We  hâve  seen  that  the  chemical  affinity  of  the  substance, 
of  which  the  électrodes  are  made,  for  one  or  other  of  the 
éléments  of  the  electrolyte,  is  able  to  facilitate  its  décomposi- 
tion, and  consequently  the  passage  of  the  current  This 
property  has  been  applied  with  great  success  by  M.  Bec- 
querel to  the  production  of  various  ctmpounds,  arising  from 
the  combination  of  the  électrode  with  one  of  the  éléments 
liberated  by  the  current, — compounds  which  he  has  suc- 
ceeded  in  obtaining  in  the  crystalline  state,  by  employing 
only  very  small  electric  forces,  that  is  to  say,  that  of  a  single 
pair.      He  has   in   like  manner  obtained  very  remarkable 


*  M.  Foucault  thought  he  had  found  a  proof  of  the  existence  of  the  physical 
conductibility  of  liquida,  in  the  fact  that  of  two  voltameters  with  platinum 
plates,  placed  in  the  same  circuit,  and  charged  one  with  distilled  water,  the  other 
with  water  acidulated  with  j,  of  sulphuric  acid,  the  former,  in  the  same  time, 
gave  only  '061  cub.  in.  of  gas,  and  the  latter  '61  cub.  in.  But  this  différence, 
in  every  case  much  too  great,  is  due  to  the  électrodes  in  each  Toltameter 
being  formed  of  a  bundlc  of  platinum  plates  well  arrangea,  maintained  at  per- 
haps  tJo  in.  from  each  other,  and,  by  an  arrangement  of  conductors,  brought 
into  electric  states,  alternately  opposed.  It  followed  from  this  arrangement, 
first,  that  the  oxygen  and  hydrogen,  being  very  near  at  the  moment  of  their 
libération,  ought  to  recombine  with  each  other,  the  more  easily  as  they  are 
disseminatcd  over  the  entire  surface  of  the  électrodes,  in  distilled  water,  on 
account  of  its  imperfect  conductibility,  as  we  hâve  just  seen  in  the  case  of  M. 
Desprctz's  expérimenta*  But,  further,  this  same  imperfect  conductibility  of 
water,  joined  to  the  very  great  approximation  of  the  platinum  plates,  alternately 
positive  and  négative,  caused  the  greater  proportion  of  the  two  electricities  to 
reunite  between  thèse  plates  under  the  form  of  the  voltaic  arc,  and  not  electro- 
lytically,  as  takes  place  through  air  and  through  liquid  non-conducting  bodies. 
We  hâve  in  fact  seen  that  M.  Despretz,  on  operating  so  as  to  avoid  thèse 
distnrbing  effects,  has  found  that  distilled  water,  like  acidulated  water,  obeyed 
Faraday's  law  of  équivalents. 

To  thèse  indirect  proofs  in  favour  of  the  opinion  that  electrolytic  liquids  do 
not  possess  a  physical  conductibility  analogous  to  that  of  solids,  but  that  they 
can  only  propagate  currents  while  being  decoroposed,  a  new  and  more  direct 
proof  has  just  been  added  ;  Mr.  Faraday  having  proved  the  possibility  of 
producing,  by  the  action  of  an  electro-magnet,  an  inductive  current  in  a  long 
column  of  acidulated  water,  contained  in  a  tube  of  gutta  percha,  coiled  as  a 
hélix  around  the  electro-magnet  MM.  Logeman  and  Van  Breda  hâve  ob- 
served  that  the  platinum  plates  or  wires,  by  which  this  current  is  collected, 
are  polarised  ;  which  proves  that  the  acidulated  water  has  been  decomposed 
by  the  induced  current  Now,  if  the  propagation  of  the  current  can  be  brought 
about  in  an  electrolytic  liquid  by  way  of  physical  conductibility,  it  must  be  in 
the  case  of  a  current  induced  in  the  liquid  by  an  exterior  current  ;  and  yet, 
even  in  this  case,  the  propagation  is  accompanied  by  a  décomposition. 
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secondary  products  by  employing  compound  électrodes,  and 
bringing  about  the  combination  of  the  éléments,  liberated  by 
the  current  with  one  of  the  éléments  of  this  compound 
électrode.  In  a  word,  he  has  torned  to  acconnt  the  chemical 
reactions  that  may  arise  from  the  libération  by  the  current 
of  a  body  in  the  nascent  state  upon  the  surface  of  contact  of 
a  solid  and  a  liquid. 

It  is  not  only  by  employing  électrodes  susceptible  of 
entering  into  combination  with  the  éléments  of  the  electro- 
lytic  liquid,  or  of  being  decomposed  by  them,  that  their  de- 
composition  may  be  facilitated.  Grove,  E.  Becquerel,  and 
Schœnbein  hâve  succeeded  in  obtaining  the  same  resuit, 
still  retaining  électrodes  of  platinum,  butdissolving  in  the  liquid 
substances,  which  had  affinity  for  one  or  other  of  its  élé- 
ments. Thus  Grove  has  obtained,  with  the  current  of  a  single 
pair,  the  décomposition  of  water,  by  arranging  the  platinum 
positive  électrode  so  that  the  portion  that  came  out  of  the 
water  was  placed  in  a  tube  filled  with  hydrogen,  which  was 
itself  in  contact  with  the  electrolysed  acidulated  water.  The 
décomposition  was  facilitated  by  the  affinity  that  hydrogen, 
under  the  influence  of  platinum,  exercises  over  the  oxygen 
of  the  water.  E.  Becquerel  has  succeeded,  in  like  manner,  in 
decomposing  water  by  a  feeble  current,  by  dissolving  in 
it  either  substances  greedy  of  hydrogen,  such  as  chlorine, 
bromine,  and  iodine,  bi-chloride  of  copper,  or  salts  whose 
bases  are  able  to  peroxidise,  such  as  sulphate  of  peroxide  of 
iron,  which  tends  without  ceasing  to  take  oxygen  from  bodies 
that  contain  it.  On  placing  in  the  same  circuit  a  volta- 
meter  with  ordinary  acidulated  water,  and  thèse  varions 
solutions,  we  obtain  in  the  solutions  proportions  of  oxygen  and 
hydrogen  variable  with  each  of  them,  and  even  with  the 
rapidity  of  décomposition,  in  conséquence  of  the  greater  or 
less  facility  with  which  the  oxygen  or  hydrogen  combine 
with  the  substances  dissolved.  M.  E.  Becquerel  found,  on 
employing  spongy  platinum  and  gold  for  one  of  the  électrodes, 
the  other  being  a  plate  of  platinum,  that  décomposition  was 
facilitated,  but  that  a  great  proportion  of  the  gas  was  absorbed 
by  that  électrode  which  was  made  with  the  sponge.     This  is 
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stlways  a  conséquence  of  divided  platinum.  %  M.  Schœnbein 
had  already  employed  spongy  platinum  as  the  positive  élec- 
trode for  combining  the  oxygen,  arising  from  the  water  con- 
tained    in    alcohol,   with    this   latter  substance,  and  thus 
forming  a  more  oxygenated  product.     He  had  in  like  manner 
succeeded  in  obtaining  a  more  easy  décomposition,  by  em- 
ploying  as  négative  électrodes  sponges  of  platinum,  that  had 
t>een  plunged  into  gaseous  chlorine  or  bromine,  and  which 
thus  exercised  a  powerful  affinity  over  the  hydrogen.     The 
same  effect  is  produced,  and  even  in  a  higher  degree,  by  taking 
as  a   négative  électrode  a  plate  of  platinum,  covered  with 
a  layer  of  peroxide  of  lead,  the  oxygen  of  which  combines  with 
the  liberated  hydrogen.     AU  thèse  facts, — and  I  omit  many  of 
the  same  kind — show  to  us  the  intimate  relation  that  connecta 
ordinary   chemical    affinity  with   the  chemical  force  of  the 
current,  which,  as  Faraday  judiciously  remarks,  is  merely 
the  same  force  transported  to  a  distance,  instead  of  being 
exercised  only  in  contact.     And  indeed,  we  see,  by  ail  that 
précèdes,  how  its  action  is  facilitated,  when  it  finds  the  con- 
currence of  that  of  affinity.     We  shall  complète  the  démon- 
stration of  the  intimate  connection,  that  exists  between  thèse 
two  forces,  when  we  shall  be  engagea  with  chemical  action 
considered  as  a  source  of  electricity. 

There  are,  however,  some  cases  that  seem  to  form  an  ex- 
ception to  the  gênerai  rule,  that  we  hâve  been  laying  down. 
It  is  that  of  certain  metals  which,  when  employed  in  a  feeble 
degree  of  oxidation  as  positive  électrodes,  do  not  allow 
the  current  to  pass  ;  such  is  iron,  when,  as  Schœnbein  has  ob- 
served,  it  is  in  the  state  called  passive, —  a  state  in  which  itis 
no  longer  attacked  by  acids,  and  is  found  modifîed  in  a  very 
extraordinary  manner,  in  its  chemical  properties,  by  the  effect 
of  the  présence  upon  its  surface  of  a  film  of  a  peculiar  sub- 
oxide.  Such  again  is  copper,  which,  as  Mr.  Grove  has  ob- 
served,  oxidises  and  gradually  dissolves,  when  it  serves  as  a 
positive  électrode,  in  diluted  sulphuric  acid,  to  a  current  of 
moderate  force,  but  which  ceases  to  be  dissolved,  and  stops 
the  transmission  of  the  current,  when  the  latter  becomes 
very  strong,  which  is  also  due  to  the  formation  of  a  partlcular 
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oxide,  which  cannot  combine  with  the  acid.  Ail  thèse  ano- 
malies are  rather  phenomena  purely  chemical  than  electro- 
chemical  phenomena;  for  they  are  due  to  the  impossibilité  of 
certain  oxides  combining  with  acids,  in  order  to  form  salte, 
either  because  they  contain  too  much  oxygen,  or  because  they 
contain  too  little. 


Movements  produced  in  electrolytic  Liquids  by  the  Passage  of 
the  Current 

The  movements  that  are  the  effect  of  the  passage  of  the 
current  through  electrolytic  liquids,  are  of  two  kinds.  Those 
of  the  first  kind  are  the  évident  resuit  of  the  décomposition 
of  the  liquid,  and  of  the  chemical  reaction  of  the  éléments 
separated  ;  those  of  the  second  are  manifested  by  a  transport 
through  a  porous  diaphragm  of  a  part  of  the  liquid,  and  they 
seem  to  be  rather  a  mechanical  than  an  electrolytic  effect. 
However,  even  in  this  case,  it  is  not  enough  that  the  liquid 
be  a  conductor,  as  mercury  would  be  ;  it  must  also  be  an  elec- 
trolyte.  We  shall  see  to  what  extent  this  circumstance  may 
throw  light  upon  the  phenomenon. 

Davy  was  the  first  to  observe  that  globules  of  mercury, 
placed  between  the  two  pôles  of  a  pile  at  the  bottom  of  a 
vessel,  filled  with  a  solution  which  the  current  décomposes, 
elongate  on  the  side  of  the  négative  pôle,  manifesting  a  pecu- 
liar  trembling.  Herschell  made  a  detailed  study  of  this  kind 
of  action,  with  which  Serullas  had  previously  been  occupied, 
Connecting  it  with  the  movements,  that  arise  from  certain  che- 
mical phenomena.  Finally,  Nobili  has  more  recently,  by  new 
researches,  completed  the  labours  of  Herschell,  and  found  the 
true  signification  of  this  order  of  facts. 

Herschell  had  placed  at  the  bottom  of  a  vessel  very  pure 
mercury,  covered  with  a  layer  of  concentrated  sulphuric  acid 
about  *4  in.  in  thickness  ;  and  he  transmitted  through  this 
acid  a  current  of  a  feebly  charged  pile.  Immediately  the 
current  circulâtes,  the  acid  is  seen  to  undergo  a  rapid  rota- 
tory  motion,  due  to  a  mechanical  current  that  is  established 
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between  the  two  électrodes  and  which  traverse  directly 
the  mercury;  the  particles  of  the  acid,  contîguous  to  the 
mercury,  are  those  which  move  with  the  greatest  rapidity. 
It  is  in  the  mercury  that  thé  cause  of  the  movement  résides  ; 
and  we  hâve  the  proof  of  this  in  the  fact  that  we  hâve  merely 
to  moisten  with  sulphuric  acid  the  surface  of  the  mercury 
and  the  vessel  in  which  it  is  contained,  in  order  to  obtain 
a  very  rapid  rotatory  motion  of  this  métal,  employing  this 
same  film  of  acid  for  establishing  the  carrent  We  should 
add  that,  when  the  globule  of  mercury  is  of  considérable 
thickness,  it  expériences  a  continuai  tendency  to  elongate 
or  to  radiale  toward  the  négative  pôle  ;  and  when  it  is  very 
near  to  it,  it  reaches  it  and  amalgamâtes  with  it  If  it  is 
small,  its  whole  mass  is  set  in  motion  with  a  very  great 
rapidity,  as  if  it  were  attracted  by  the  négative  wire.  This 
apparent  attraction  is  frequently  very  energetic,  the  globule 
moving  with  a  great  vivacity  toward  the  négative  wire, 
to  which  it  adhères  as  soon  as  it  cornes  into  contact  with 
it  The  same  effects  may  be  obtained  by  substituting  for 
sulphuric  acid  other  electrolytic  liquida,  such  as  acids  more 
or  less  concentrated,  saline  solutions  of  various  kinds  ;  but 
the  intensity  of  the  movement  varies  with  the  nature  of  the 
liquid.  The  mercury  must  in  ail  cases  be  very  pure  ;  and 
there  are  generally  observed  currents,  more  or  less  violent, 
which  radiate  from  the  point  nearest  to  the  négative  pôle. 
With  certain  liquids,  and  especially  the  nitrates,  there  is 
also  formed  a  current  radiating  from  the  positive  pôle,  which, 
in  some  cases,  even  surpasses  the  other.  Thèse  two  currents 
coexist  in  the  mercury,  and  in  conséquence  of  their  action, 
there  is  formed  in  the  globule  of  mercury  a  zone  of  equili- 
brium  nearer  to  one  pôle  than  to  the  other,  according  as 
the  current  is  more  or  less  violent  On  operating  by  means 
of  an  energetic  pile,  and  with  a  great  quantity  of  mercury, 
placed  below  very  diluted  solutions,  we  perceive  in  almost 
ail  cases  thèse  counter-currents,  which  corne  from  the  posi- 
tive pôle,  especially  if  care  is  taken  to  keep  this  pôle  near 
and  the  négative  pôle  far  from  the  globule  of  mercury. 
The  experiments  may  be  varied,  by  placing  one  of  the 
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pôles  immediately  in  contact  with  the  mercury,  whilst  the 
other  is  alone  plunged  into  the  electrolytic  liquid.  Very 
sensible  currents  are  obtained,  which  radiate  from  the  pôle 
placed  in  this  latter  liquid:  when  it  is  the  positive  pôle 
that  is  in  contact  with  the  mercury,  thèse  currents  are  less 
sensible  on  account  of  the  promptitude  with  which  the 
surface  of  the  métal  oxidises  ;  but,  by  the  agitations  of  the 
mercury,  we  detect  the  existence  of  currents  beneath  the 
film  of  oxide  :  moreover,  on  preventing  the  oxidation  by  a 
few  drops  of  weak  nitric  acid,  we  see  the  currents  established 
in  this  case  as  well  as  in  the  other. 

The  influence  of  this  formation  of  an  oxidised  film  over  the 
movements,  seems  at  once  to  show  that  thèse  effects  are  not 
the  simple  resuit  of  a  mechanical  action,  but  that  an  electro- 
chemical  phenomenon  also  takes  place  in  them.  This  con- 
séquence, confirmed  by  other  expérimenta  of  Herschell  him- 
self,  to  which  we  shall  return,  was  completely  confirmed  by 
the  analysis  that  Nobili  made  of  thèse  phenomena,  Con- 
necting them  with  the  formation  of  electro-chemical  appear- 
ances.  The  learned  Italian  confines  himself  to  substituting, 
in  the  apparatus  that  we  hâve  described  *,  for  the  métal  plate 
a  surface  A  B  (fig.  241.),  of  very  pure  mercury,  two  or  three 


Fig.  241. 

inches  in  diameter,  which  he  covered   with  a  solution  of 
sulphate  of  soda,  forming  a  layer  about  a  quarter  of  an  inch 

•  VoL  II.  p.  399. 
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in  thickness,  into  which  are  plunged  two  platinum  points,  in 

communication  with  the  pôle  of  a  pile  of  moderato  force,  so 

as  merely  to  leave  between  them  and  the  surface  of  the 

mercury  as  small  an  interval  as  possible.     The  formation  of 

two  Systems  of  currents  is  immediately  perceived,  terminated 

by  limits  that  correspond  with  the  shape  of  the  ordinary 

electro-chemical  appearances.     Thèse  limits  consist  of  two 

lines  n',  n',  n",  andjt/,  jt/,  p"9  on  oval  bands,  within  which 

the  mercury  is  a  little  more  depressed  than  it  is  without  :  the 

former  is  formed  above  the  négative  point,  and  the  latter 

above  the  positive*     In  the  middle,  at  o,  o,  the  mercury 

présents  one  or  two  lines,  where  its  surface  appears  to  be  agi- 

tated  as  by  the  conflict  of  two  opposite  currents,  —  a  circum- 

stance  which,  joined  to  those  that  we  hâve  already  mentioned, 

clearly  proves  that  the  seat  of  the  movement  is  at  the  surface 

of  the  mercury,  and  that  the  electrolytic  solution  merely 

follows  the  movement,  impressed  upon  the  particles  of  this 

métal.     There  is  almost  always  formed  at  p  a  little  oxide, 

which  is  carried  by  the  currents  outside  toward  the  border, 

where  it  more  or  less  accumulâtes  ;  then  it  expands  toward 

the  négative  side,  which  absorbs  and  reduces  it,  when  the 

currents  on  this  side  are  weakened  to  the  point  of  no  longer 

preventing  its  expansion.     The  négative  currents  disappear 

at  the  same  time  as  the  oval  n,  n/  n',  as  soon  as  the  film  of 

oxide  is  thrust  by  the  positive  currents  beyond  their  ordinary 

limits.     We  hâve  merely  to  oppose  an  obstacle  to  the  ex* 

pansion  of  this  film,  by  means  of  a  small  plate  of  glass  thrust 

in  at  o,  o,  to  the  surface  of  the  mercury,  in  order  to  see  the 

'  currents  majntain  themselves  at  n,  and  the  film  of  oxide  in- 

crease  Bip,  so  as  to  acquire  sufficient  consistence  to  destroy 

the  positive  currents  ;  but,  if  the  plate  is  removed  before  the 

oxidation  is  well  advanced,  the  pellicle  of  oxide  is  seen  to  break 

into  several  fragments,  the  innermost  of  which  expand  toward 

the  négative  side,  where  they  are  absorbed  and  reduced, 

which  weakens  the  négative  currents,  and  at  the  same  time 

revives  the  positive. 

When  other  solutions  are  substituted  for  the  solution  of 
sulphate  of  soda,  we  obtain,  according  to  the  nature  of  the 
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solutions,  either  the  two  Systems  of  radiating  currents,   or 
simply  a  single  one  ;  sometimes  one,  at  other  times  the  other. 
The  cause  of  thèse  différences  is  due  to  the  circumstance 
that  the  éléments  which  become  deposited  upon  the  secondary 
pôles,  formed  by  the  mercury,  cover  its  surface  with  a  thin 
film,  or  leave  it  clear  of  ail  apparent  deposit     Thus,  there  are 
no  négative  currents  with  solutions  of  salts  with  a  base  of 
copper,  silver,  tin,  or  bismuth,  because  the  bases  are  redaced 
upon  the  mercury,  and  présent  to  the  eye  films  more  or  less 
consistent;  whilst  thèse  same  currents  are  very  active  with 
solutions  of  alkaline  or  earthy  salts,  the  metals  of  which,  in 
depositing,  leave  the  mercury  equally  liquid  and  brilliant. 
The  positive  currents  are  in  like  manner  wanting,  whenever 
oxygen  and  acids  are  deposited  in  thin  films  upon  the  surface 
of  the  mercury  ;  whence  it  follows  that  the  currents  may  be 
said  to  be  formed,  only  where  the  films,  that  bring  about  the 
electro-chemical  appearances,  are  wanting. 

The  superposed  liquids  only  follow  the  movement  im- 
pressed  upon  the  molécules  of  mercury.  It  is  necessary,  there- 
fore,  in  order  to  appreciate  the  rapidity  of  their  displacement,  to 
take  account  of  the  degree  of  mobility  that  they  possess  upon 
the  surface  of  this  métal  ;  but  we  must  not  forget  that  the 
vivacity  of  the  movements  of  the  mercury  itself  is  due  to 
the  nature  of  thèse  liquids,  since  it  is  an  effect  of  their  de- 
composition.  Sulphuric  acid,  the  drops  of  which,  as  we 
know,  extend  over  mercury  with  an  extraordinary  rapidity, 
is  of  ail  the  one  that  possesses  the  property  in  question  in 
the  most  eminent  degree.  The  most  feeble  electric  force, 
such  as  that  resulting  from  a  pair  formed  by  the  mercury 
itself,  the  sulphuric  acid,  and  an  iron  wire  plunged  into  it, 
is  sufficient  to  bring  about  the  phenomenon.* 

*  The  following  is  the  process  adopted  by  M.  Nobili.  Hc  plonges  a  drop  of 
mercury  into  a  bath  of  sulphuric  acid,  and  touches  it  towarda  its  edge  with  the 
extremity  of  an  iron  wire  ;  the  drop  immediately  contracte  and  cesses  to  tonch 
the  iron  ;  then,  resuming  its  natural  form,  it  cornes  anew  to  meet  the  iron 
point,  to  contract  and  again  to  expand  ;  thus  continning  an  alternate  motion 
of  contraction  and  dilatation  so  long  as  the  voltaic  action  of  the  three  éléments 
of  the  pair  continues,  namely,  mercury,  iron,  acid.  This  resuit  is  only  effec- 
tivcly  obtained  by  employing  iron  or  other  easily  oxidisable  metals  :  the  con- 
tact of  gold  or  of  platinum  does  not  produce  any  effecL 
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The  experiment  may  be  made  under  a  very  remarkable 
form,  and  which  requires  only  a  very  feeble  pile.  We  take 
a  mass  of  mercury,  to  whîch  we  endeavour  to  give  a  very 
circular  form  of  about  an  inch  in  diameter,  and  cover  it 
with  a  very  limpid  alkaline  solution.  A  platinum  point, 
communicating  with  the  négative  pôle  of  the  pile,  is  placed 
above  the  centre  of  the  drop  of  mercury  so  as  to  touch  ita 
surface  slightly  ;  a  second  similar  point,  to  which  the  positive 
pôle  is  connected,  is  plunged  into  the  solution  over  the 
figure  of  the  mercury,  at  a  distance  of  nearly  half  an  inch 
from  its  outer  edge.  As-  soon  as  the  circuit  is  established 
the  mercury  flattens  notably,  and  appears  under  the  form 
of  a  star,  with  four  blunt  points,  one  of  which  reaches  and 
touches  the  positive  wire  ;  immediately  this  contact  takes 
place  the  mercury  returns  upon  itself,  rising  toward  the 
négative  point,  which  it  touches  afresh,  then  it  flattens,  and 
so  on  in  succession.  In  its  return  movement,  the  circular 
drop  again  présents  itself  under  the  aspect  of  a  star,  the 
obtuse  points  of  which  are  found  where  the  intermediate 
spaces  of  the  former  were. 

The  effects,  that  we  hâve  been  describing,  already  tolerably 
complex,  become  still  more  so,  when  the  mercury  is  alloyed 
with  a  very  oxidisable  métal.  Sodium,  in  particular,  by  its 
Amalgamation  with  mercury,  brings  about  still  more  decided 
movements  than  other  metals  of  the  same  kind,  although  ail 
those  that  are  oxidisable  possess  more  or  less  the  same  property. 
Herschell  and  Nobili  hâve  successively  studied  with  care  this 
influence  of  metals,  which  had  moreover  been  already  pointed 
ont  by  Ermann,  Pfaff,  and  Serullas  ;  this  latter  chemist  had 
observed  it  directly,  without  the  assistance  of  the  pile.  He 
had  endeavoured  to  analyse  the  singular  gyratory  motions 
acquired  by  the  alloys  of  potassium  with  différent  metals, 
when  they  float  in  small  fragments  upon  mercury  under  water  ; 
those  produced  by  the  alloys  of  potassium  and  bismuth  had 
appeared  to  hiin  particularly  energetic  and  durable. 

It  is  évident  that,  in  the  expérimente  of  Herschell  and 
Nobili,  which  we  are  about  briefly  to  relate,  the  effects  due 
to  the  présence  of  sodium  or  of  similar  metals,  derived  from 
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electrolysis,  are  only  seeondary,  since  they  may  be  obtaîned 
by  alloying  the  mercury  dîrectly  with  thèse  metals  ;  but  as 
they  combine  with  the  more  direct  effects  of  the  current, 
they  must  be  analysed,  in  order  that  we  may  give  a  good 
acconnt  of  thèse  latter. 

The  most  simple  manner  of  manifesting  this  order  of  phe- 
nomena  consista  in  plnnging  in  mercury  (Jig.  242.),  when 


Fig.  242. 

it  is  covered  with  snlphate  of  soda,  the  négative  point,  so  as 
to  hâve  at  n  n'  n"  a  single  négative  point  above  the  positive 
point     This   simple  immersion  revives  the  négative  cur- 
rents,   due  essentially  to  the  libération  of  sodium,  which 
unités  with  the  mercury  ;  a  contact  of  a  minute  is  sufficient  to 
charge  the  amalgam  with  as  much  sodium  as  is  necessary 
for  producing  the  following  effects.     Àt  the  moment  when 
the  négative  point  is  withdrawn  from  the  mercury,  the  posi- 
tive currents  are  seen  to  disappear  around  the  point  p  ;  on  the 
contrary,  a  System  of  currents  is  observed  which  converges 
?apidly,  from  ail  points  of  the  circumference  of  the  mercury, 
towards  the  centre.     Thèse  currents  hâve  différent  velocities 
which  inflect  the  spot  at  a;  the  latter  has  in  front  of  it  a  line  or 
band  mm  m  more  or  less  vivid,  which  advances  towards  the 
point  n  in  proportion  as  the  motion  diminishes,  and  ends  by 
forming  the  dotted  oval  around  this  latter  point,  when,  the 
sodium  being  ail  oxidised,  the  phenomenon  retnrns  to  its 
primitive  state. 
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The  essential  point,  that  was  lemarked  by  Herschell  sud 
confirmai  by  Nobili,  is  the  inversion  of  the  motion  at  the  spot 
of  the  positive  currents,  prodncedby  the  présence  of  the  sodium 
in  the  mercury.  M.  Nobili  attribnted  it  to  the  circumstance 
that  the  sodium,  which  hms  a  powerrul  tendency  to  unité  with 
the  oxygen  and  acids,  that  are  found  in  a  nascent  state  at  p  p' 
and  ff'9  travels  rapidly  thither,  and  thus  brings  about  a  very 
rapid  System  of  current,  directly  opposed  to  the  radiation,  that 
takes  place  when  the  mercury,  being  deprived  of  this  emi- 
nently  oxidisable  métal,  bas  nothing  else  to  do  than  to  pro- 
pagate  from  the  centre  to  the  circumference  the  impulse, 
which  it  receive8  from  the  oxygen  and  the  acids  liberated. 

Whilst  a  part  of  the  sodium  arrives  from  ail  sides  to  be 
converted  into  alkali,  under  the  influence  of  the  oxygen,  the 
mercury  itself  receives  at  n  n  and  n"  another  part  of  the 
sodium,  which  produces  the  ordinary  négative  currents  ;  but, 
on  account  of  the  movements  brought  about  by  the  sodium 
already  présent,  the  ordinary  shape  of  the  négative  appear- 
ance  is  deformed  and  elongated  to  the  extent  of  being  trans- 
ported  firom  the  interior  side  to  m  mm,  which  at  the  same 
tîme  causes  the  other  dépression  p  j/  j/f  to  incline  notably 
towards  a.  The  latter  rises  and  re-forms  itself  around 
its  centre  in  proportion  as  the  motion  is  weakened  by  the  loss 
of  sodium,  that  is  suffered  by  the  amalgam.  When  the  oval 
reappears  around  the  point  n,  it  is  a  sign  that  the  oxygen  of 
the  positive  spot  has  no  longer  any  sodium  to  oxidise;  it  then 
attacks  the  mercury  and  covers  it  again  with  a  film,  which 
soon  prevents  ail  movement. 

We  shall  not  insist  upon  the  effects,  that  are  obtained  by 
plunging  into  amalgama,  covered  with  an  electrolytic  solution, 
a  wire  of  copper  or  of  platinum,  because  thèse  are  effects  of 
the  same  kind  as  the  preceding,  seeing  that  thus  a  voltaic 
pair  is  produced  ;  nor  shall  we  dwell  upon  the  numerous  ex- 
periments  of  Herschell,  made  with  varions  amalgams  and  dif- 
férent solutions,  because  they  are  the  same  phenomena,  and 
with  nearly  the  same  intensity.  We  shall  confine  ourselves 
to  two  remarks.  The  first  consîsts  in  pointingout  this  curious 
property  of  a  very  oxidisable  métal,  amalgamated  with  mer- 
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cury,  of  travelling,  nnder  the  influence  of  this  carrent,  to  the 
place,  where  it  finds  oxygen  and  an  acid,  wîth  which  it  can 
combine.     We  shall  return   to  this  when  occupied    with 
the  electricity,  liberated  in  voltaic  pairs,  of  which  one  of  the 
éléments  is  an  amalgam.     The  second  remark  is,  that   the 
movement  of  the  mercury  in  the  ordinary  case  is  eyidently  due 
to  the  absorption,  that  it  exercises  over  the  éléments,  that  are 
deposited  upon  its  surface  by  electrolysis  ;  not  only  over  oxy- 
gen on  the  one  hand,  and  over  sodium  and  other  matallù* 
bases  on  the  other  hand,  but  also  over  hydrogen,  of  which  we 
shall  see  proofs  f  urther  on.     And  indeed,  as  soon  as  thèse  élé- 
ments cease  to  be  absorbed,  but  remain  upon  the  surface,  the 
movement  ceases.    With  regard  to  the  movements  themaelves, 
they  are  not  a  mechanical  effect  of  the  carrent,  analogous  ta 
the  electro-dynamic  phenomena  of  repulsion  and  attraction; 
for  the  strongest  magnets  do  not  modify  them,  whilst,as 
we  know,  they  bring  about  energetic  rotations  upon  mercury, 
which  simply  transmits  currents,  without  the  intervention  of 
any  electrolytic  liquid.     Thèse  movements,  therefore,  are  the 
results  of   purely  chemical  actions;    they  are    analogous 
to  those  which  are  produced  in  a  host  of  combinations,  in 
which  the  bodies  are  mobile,  either  on  account  of  their  being 
liquida,  or,  although  solids,  on  account  of  their  floating  upon  a 
liquid,  as  sodium  and  potassium,  or  being  able  to  glide  along  a 
smooth  plane,  as  globules  of  tin  or  iron  in  ignition.     The 
effect  of  the  current  in  the  phenomena,  that  hâve  been  en- 
gaging  our  attention,  is  simply  to  impress  a  direction  upon 
thèse  movements,  because  it  impresses  one  upon  the  chemical 
action,  by  transporting    by  electrolysis,    into    determinate 
points,  the  éléments  among  which  it  is  exercise*!. 

The  movements  of  mercury,  again,  may  be  produced  in  a 
remarkable  manner,  by  means  of  a  succession  of  instanta- 
neous  currents,  determined  alternately  in  contrary  directions, 
such  as  those  obtained  by  induction  with  Saxton's  machine. 
One  of  the  ends  of  the  induced  wire  is  put  into  communica- 
tion with  mercury  placed  in  a  cylindrical  capsule,  and  the 
other,  with  a  platinum  point,  plunged  in  an  electrolytic  solu- 
tion, such  as  sulphuric  acid,  diluted  with  nine  times  its 
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volume  of  water,  which  covers  the  surface  of  the  mercury,  so 
as  to  be  -J-  or  £  of  an  inch  distant  from  it,  and  to  correspond 
with  its  centre*  As  soon  as  the  currents  pass,  the  mercury  is 
eeen  to  be  agitated,  and  to  assume  a  vibratory  motion  with 
ondulations,  setting  ont  from  the  centre,  and  the  circular, 
elliptical,  or  polygonal  form  of  which  dépends  upon  the  shape 
of  the  vessel. 

A  very  curions  effect  also  is  obtained,  by  placing  mercury 

in  a  tube,  bent  into  the  form  of  an  inverted  syphon,  and 

making  one  of  the  vertical  columns  communicate  with  the 

négative  pôle  of  a  pile,  whilst  the  positive  is  plunged  in  an 

electrolytic  solution,  which  covers  the  summit  of  the  other  ;  a 

dépression  is  produced  in  this  latter  column  and  conse* 

quently  a  différence  of  level,  between  the  two  columns  of 

mercury,  which  is  greater  or  less  according  to  the  intensity 

of  the  current.*    It  would  seem  that  there  is  in  this  case  a 

phenomenon  analogous  to  what  is  presented  by  the  voltaic 

arc,  when  mercury  is  taken  for  the  négative  électrode  ;  how- 

ever,  as  the  effect  is  able  to  be  produced  by  a  very  feeble 

current,  it  is  probable  that  it  is,  like  the  preceding,  purely 

electro-chemicaL 

I  will  not  dwell  further  upon  the  class  of  effects,  that  I 
hâve  just  described,  aifd  to  which  a  greater  degree  of  im- 
portance had  generally  been  assigned,  than  they  really  merit 
They  may  at  the  most  be  considered  as  connected  with  the 
part  played  by  mercury  in  electro-chemical  phenomena  ;  a 


*  Gerboin,  in  1801,  was  the  first  to  point  ont  thèse  movements.  He  operated 
with  a  tube  bent  in  a  U  form,  01  an  inverted  siphon  ;  the  tube  was  filled  with 
mercury  to  haif  the  height  of  its  vertical  branches  ;  the  surface  of  the  mercury 
at  the  summit  of  each  column  was  covered  with  a  stratum  of  water,  into  which 
were  plunged  two  wires,  that  commun  icated  respectively  with  the  pôles  of  the 
pile.  It  is  especially  on  the  surface  of  that  column  of  mercury  which,  being 
beneath  the  positive  pôle  received  the  hydrogen  arising  from  the  décomposition 
of  the  water,  that  he  perceived  movements,  which  were  manifested  by  the  ten- 
dency  of  small  light  bodies  thrown  into  it,  to  move  from  within  ontwards  upon 
the  surfiice  of  the  tube.  But,  if  the  positive  point  were  made  to  touch  the 
mercury,  the  movement  of  the  small  light  bodies  immediately  took  place  in  the 
contrary  direction,  namely,  from  the  circumference  to  the  centre  ;  the  mercury 
appeared  also  to  be  depressed  beneath  the  positive  point,  when  this  point  was 
very  near  to  it 

No  effect  took  place  upon  the  surface  of  the  mercury,  plaoed  beneath  the 
négative  point  ;  it  was  merely  oxidised. 
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very  singular  part,  it  is  true,  in  cases  of  amalgamation,  and 
to  which,  as  I  hâve  said,  we  shall  hâve  occasion  to  return,  but 
which  is,  nevertheless,  of  very  limited  interest,  in  conséquence 
of  its  spécial  character* 

The  second  species  of  movement,  that  we  hâve  pointed 
out  at  the  commencement  of  this  paragraphe  consists  of  a 
transport,  that  is  brought  about  throngh  a  porons  diaphragm 
of  a  liquid  traversed  by  the  carrent.  Porret,  who  was  the 
first  to  observe  it,  made  the  experiment  by  separating  a  cup 
into  two  compartments,  by  means  of  a  diaphragm  of  bladder, 
and  placing  common  water  in  each,  with  the  positive  pôle  of 
a  pile  in  one  of  the  two,  and  the  négative  in  the  other.  At 
the  end  of  a  short  time,  the  water  is  seen  to  pass  throngh  the 
bladder,  the  résistance  of  which  it  surmounts,  from  the  posi- 
tive compartment  into  the  négative,  where  it  retains  itself 
at  a  more  elevated  level.  The  phenomenon  is  very  decided, 
only  so  long  as  the  liquid  is  an  imperfect  conductor,  like 
nnto  pure  water  ;  with  acidulated  water  it  no  longer  takes 
place.  M.  Becquerel  has  obtained  a  phenomenon  of  the  same 
kind  with  two  tubes  half-filled  with  clay  and  with  water  ;  the 
lower  mouths  of  which,  being  closed  by  plugs  pierced  with 
small  holes,  were  plunged  into  water,  whilst  the  interior 
liquids  of  each  tube  were  placed  respectively  in  communica- 
tion with  each  of  the  pôles  of  a  pile,  by  means  of  platinum 
plates.  The  clay  was  driven  from  the  tube,  into  which  the 
positive  pôle  was  thrust  and  not  from  the  other. 

It  follows,  from  thèse  experiments,  that  there  is  a  very  de- 
cided  tendency  of  a  liquid,  traversed  by  a  current,  to  travel 
from  the  positive  pôle  towards  the  négative,  provided  it 
présents  a  certain  résistance  to  the  passage  of  the  current.  M. 
Wiedemann  succeeded,  after  very  accurate  researches,  in 
discovering  the  laws  of  this  phenomenon.  In  a  first  séries  of 
observations,  his  object  was  to  détermine  the  relation  of  the 
intensity  of  the  voltaic  current  to  the  quantity  of  liquid, 
transported  in  a  given  time.  The  liquid  was  contained  in  a 
large  glass  vessel  h  h  (Jig.  243.),  and  in  a  cylinder  of 
porous  clay,  a,  occupying  the  middle  of  the  great  vessel. 
Upon  the  cylinder  of  clay  was  cemented  a  bell-glass  c,  the 
neck  of  which  allovred  of  the  passage  of  a  vertical  tube 
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dy    furnished  with  a  latéral  escape-tube  e  e.     At  the  interior 

and  the  exterior  of  the  clay 
cylinder  were  placed  two 
platinum  plates  g  and  i, 
coiled  into  a  cylinder,  each 
of  them  communicating 
with  vertical  wires  /  and 
ky  that  might  be  placed  in 
communication  with  the 
pôles  of  the  pile.  The 
small  opening,  throogh 
which  the  wire  /  traversed 
the  bell-glass  c,  was  herme- 
tically  closed  with  mastic; 


Fig.  243. 


the  adaptation  of  the  vertical  tube  d  to  the  neck  was 
sufficiently  perfect  to  render  the  escape  of  the  liquid  im- 
possible. The  cylinder  of  porons  clay  had  been  immersed 
for  a  long  time  in  diluted  hydrochloric  acid,  before  being 
used  for  the  experiment  ;  it  was  thus  freed  from  ail  soluble 
matters,  that  it  might  contain. 

As  soon  as  the  carrent  was  established  in  the  direction 
indicated  in  the  figure,  the  liquid  rose  in  the  tube  d,  and 
was  not  long  before  it  passed  out  by  the  latéral  tube  e,  when 
the  level  had  in  a  slight  degree  surpassed  the  orifice  of  this 
tube  ;  the  flask  l  was  for  receiving  the  liquid  that  ran  over. 
The  phenomenon  was  the  resuit  principally  of  an  action 
proper  to  the  current,  but  there  were  also  some  secondary 
causes,  the  influence  of  which  it  was  essential  to  estimate  and 
to  eliminate. 

One  might  at  first  hâve  feared  that  the  pressure,  resulting 
from  the  élévation  of  the  level  in  the  tube  d,  might  tend  to 
counteract  the  phenomenon,  and  to  diminish  the  quantity  of 
liquid  transported  through  the  porous  cylinder  ;  but  a  direct 
experiment  showed  that  there  was  no  foundation  for  this 
fear.  The  apparatus  was  filled  with  water,  so  as  to  establish 
in  the  tube  d  an  élévation  of  level,  equal  to  the  élévation 
observed  ;  and  the  experiment  was  left  to  itself  for  several 
hours,  without  making  any  current  pass.     The  level  having 
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remained  invariable,  it  was  concluded  that  the  pressure 
exercised  was  not  sufficiently  powerful  to  cause  any  appré- 
ciable quantity  of  water  to  pass  tbrough  the  diaphragm. 

At  tbe  commencement  of  the  expérimenta  the  élévation 
and  the  escape  of  the  liquid  were  due  in  part  to  the  bubbles 
of  hydrogen  liberated  upon  the  négative  plate,  which  came 
and  lodged  themselves  in  the  varions  parts  of  the  apparatus  ; 
but,  at  the  end  of  a  few  moments,  the  accumulation  of  gas 
attained  its  maximum,  and  the  new  bubbles  formed  were 
liberated  incessantly  by  the  tube  d.  Then  alone  were  the 
observations  commencée!.  Evidently  nothing  similar  took 
place  when  metallic  solutions  were  experimented  upon. 

Finally,  if  the  experiment  continued  for  a  long  time,  the 
intensity  of  the  current  remaining  constant,  the  quantity  of 
liquid,  escaped  in  a  given  time,  underwent  a  little  increase. 
At  the  same  time,  the  liquid,  placed  within  the  interior  of 
the  porous  cylinder,  was  disturbed  by  the  présence  of  very 
fine  particles  of  the  material  of  the  cylinder.  Thèse  particles 
were  evidently  torn  off  by  the  liquid  from  the  pores  of  the 
diaphragm  ;  thèse  pores  must  therefore  hâve  become  larger, 
and  hence  arose  the  increase,  that  was  observed  of  the  liquid 
current 

The  current  was  produced  by  a  Daniell's  pile,  and 
measured  by  a  tangent-  compass,  or  by  a  galvanometer,  coin- 
pared  directly  with  the  compass. 

The  two  following  tables  demonstrate,   in   an    évident 
manner,  that  the  quantities  of  liquid,  transportée  in  equal  times, 
are  proportional  to  the  intensities  of  the  currenU. 
I.  Distillbd  Watbb, 


Quantity  q  of  Liquid 
transportai. 

Inteniitytfofthe 
Current. 

Relation  f. 

1777 
13-26 
10-59 
7-46 
5-89 
4-47 
338 

14*4 
10-8 
83 
6-0 
4-8 
36 
2-9 

1-23 
1-23 
1-27 
1-24 
1-23 
1-24 
117 

Mean    123 
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?• 

i. 

il 

i 

2-48 
2-32 
2-26 
211 
1-49 
1-25 

10-6 
101 
98 
9-3 
6-5 
5-35 

0-234 
0-230 
0-231 
0-226 
0229 
0-233 

• 

Mean  0*230 

M.  Wîedemann  has  also  found,  on  covering  successively 
varions  portions  of  the  surface  of  the  cylinder  with  a  coating 
impermiable  to  the  liquid,  and  a  non-condactor  of  electricity, 
then  by  gradually  diminishing  its  thickness,  that  the  quantities 
of  liquid,  transportée  by  a  galvanic  carrent,  through  a  porous 
partition,  are  independent  of  the  extent  of  this  partition  and 
of  its  thickness.  He  found  no  law,  by  whîch  the  quantity 
transported  is  connected  with  the  résistance  of  the  liquid  ; 
but  he  has  remarked,  as  I  had  observed  in  1825,  that  very 
good  conducting  liquida,  sùch  as  diluted  sulphuric  acid,  are 
not  transported  in  any  appréciable  proportion. 

The  expérimenta,  that  hâve  just  been  described,  were 
subject  to  a  very  grave  objection  ;  in  fact,  they  only  mea- 
sured  a  complex  phenomenon,  produced  by  the  combination 
of  two  causes,  altogether  différent,  namely, —  the  action 
proper  of  the  current,  and  the  friction  of  the  liquid  in  the 
pores  of  the  diaphragm.  This  latter  cause  evidently  allowed 
of  no  comparability  being  established  between  the  experi- 
ments  relative  to  différent  liquids.  On  this  account,  M. 
Wiedemann  has  sought  for  a  mode  of  experimenting,  which 
was  independent  of  this  disturbing  action  ;  and  he  caught  the 
idea  of  measuring  the  hydrostatic  pressure,  that  could  cause 
the  phenomenon  of  transport  to  disappear  ;  and  which  con- 
sequently  would  form  an  equilibrium  with  the  action  proper 
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of  the  carrent.     The  apparatas  previously  described  was 
consequently  modified.     The  capillaiy  tube 
e,  was  placed  in  communication  with  a  small 
mercury  manometer  e,  p,  m  (fig.  244,),  and 
the  upper  extremity  of  the  vertical  tube  e 
(Jig.  243.),  was  hermetically  sealed  after  the 
introduction  of  the  liquid.     Under  thèse  con- 
ditions, the  passage  of  the  current,  instead  of 
producing  a  constant  escape  of  the  liquid, 
brought  about  a  displacement  of  the  mercury 
in  the  manometer  ;  and  this  displaoement  was 
stopped,  when  the  pressure,  due  to  the  dif- 
férence of  level  of  the  manometer  in  the  two 
Fig.  244.        branches,  was  sufficiently  powerful  to  cause 
a  quantity  of   liquid,  equal    to    that,    which    the    voltaic 
current  would  draw  along,  to  repass  at  each  instant  through 
the  pores  of  the  cylinder.     It  is  évident  that  it  was  necessary 
to  avoid,  in  this  arrangement  of  the  apparatas,  ail  libération 
of  gas  in  the  tube  d  ;  and,  consequently,  that  we  ought  to 
confine  our  experimenting  to   solutions  of  metallic   salts. 
Pure  water,  or  water  simply  acidulated,  or  solutions  of 
alkaline  salts,  are  not  admissible  in  this  kind  of  expérimenta 

Numerous  experiments  upon  solutions,  variously  concen- 
trated,  of  sulphate  of  copper,  led  to  the  following  law  :  — 

The  heights  to  which  the  mercury  rises,  in  the  manometer,  are 
proportional  to  the  intemity  of  the  current,  in  inverse  ratio  to  the 
surface,  and  in  direct  ratio  to  thethicknessoftheporous  diaphragma 
Thèse  results  agrée  perfectly  well  with  those  of  experi- 
ments upon  the  quantities  of  liquid  transportée!,  if  we  take 
into  account  the  lawsof  the  escape  of  liquids,  by  capillary  tubes, 
as  they  hâve  been  determined  by  MM.  Hagen  and  Poisseuille. 
We  know,  in  fact,  that  the  quantities  of  liquid,  which  escape 
in  equal  times  by  very  narrow  capillary  tubes,  are  propor- 
tional to  the  pressure  and  in  inverse  ratio  to  the  length  of  the 
tubes.  Now,  a  porous  diaphragm  may  be  compared  to  a 
System  of  capillary  tubes,  the  number  of  which  is  evidently 
proportional  to  the  superficial  extent  of  the  diaphragm,  and 
the  length  proportional  to  the  thickness.      The  quantities 
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>f  liquid,  transportée!  by  the  voltaîc  current,  being  propor- 
tions! to  the  intensity  of  this  current  and  indépendant  of 
the  thickness  of  the  diaphragm,  the  pressures  capable  of 
producing  in  an  inverse  direction  the  transport  of  an  equal 
quantity  of  liquid,  must  be  proportional  to  the  intensity  of 
the  current,  and  to  the  thickness  of  the  diaphragm.  The  in- 
fluence of  the  superficial  extent  of  the  diaphragm  is  no  less 
évident;  the  pressure,  that  brings  about  the  passage  of  a 
given  quantity  of  liquid  through  a  System  of  equal  capil- 
lary  tubes,  must  be  in  inverse  ratio  to  the  numbers  of  thèse 
tubes.         . 

Finally,  the  influence  of  the  nature  of  the  liquid  is  mani- 
fested  in  a  very  simple  manner  in  this  second  class  of  expéri- 
menta. The  height  of  the  mercury  in  the  manometer  is  pro- 
portional to  the  electric  résistance  of  the  liquid.  At  least  we 
may  conclude  this  from  a  séries  of  observations,  relative 
to  solutions  of  sulphate  of  copper,  into  which  the  current  was 
întroduced  by  copper  électrodes,  so  as  to  avoid  ail  polarisation. 
Thèse  observations  are  summed  up  in  the  following  Table:  — 


Proportion  of 

crystalltsed  Sulphate 

for  100  parts  of 

the  Solution. 

Electric  Résistance 
of  the  Solution. 

Relation  of  the 
height  of  the  Mer- 
cury to  the  Intensity 

of  the  Current. 

Quotients  or  the 

Numbers  of 

the  3rd  Col.  by  those 

of  the  2nd. 

1625 
922 
6-6 
3-4 
1-3 

18  0 
27-0 
32-5 
55-5 
1000 

1-35 
1-98 
2-44 
379 
6-80 

0-0750 

00733 
00750 
00683 
00680 

Mean  0  0719 

The  constant  approximation  of  the  number  of  the  fourth 
column  is  a  satisfactory  proof  of  the  accuracy  of  the  law. 
In  summing  up  ail  thèse  laws  we  may  say,  that  the  force,  with 
which  a  voltaic  current  tends  to  transport  a  liquid  through  a 
porous  partition  from  the  positive  towards  the  négative  pôle,  is 
measured  by  a  pressure,  which  is  directly  proportional  to  the  in- 
tensity of  the  current,  to  the  electric  résistance  of  the  liquid,  and 
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to  the  thicknm  of  the  partition,  and  inversely  proportional  to  the 
surf  ace  of  the  partition. 

M.  Wiedemann  remarks,  that  the  simple  laws,  to  which  he 
bas  found  the  mechanical  actions  of  the  current  to  be 
subjected,  are  the  same  as  those  that  hâve  been  assigned  by 
Ohm  for  the  distribution  of  electricity  in  a  closed  circuit. 
But,  the  question  that  présents  itself  hère  is  to  know  whether 
thèse  mechanical  actions  are  indeed  the  direct  effect  of  the 
current,  or  whether  they  are  not  an  indirect  conséquence  of  an 
electrolytic  phenomenon.  This  latter  opinion,  which  had 
already  been  put  forward  by  M.  Raoult,  at  the  end  of  experi- 
ments,  more  or  less  doubtful,  was  taken  up  by  Mr.  Graham, 
who  considers  that,  like  as  in  the  décomposition  of  acidulated 
water,  one  équivalent  of  sulphuric  acid  goes  with  the  oxygen 
to  the  positive  électrode,  whilst  one  équivalent  of  hydrogen  is 
liberated  at  the  négative  ;  so,  in  the  décomposition  of  pure 
water,  a  basic  radical  composed  of  several  atoms  of  water,  and 
of  one  équivalent  of  hydrogen,  goes  to  the  négative  électrode, 
whilst  the  équivalent  of  oxygen  is  liberated  at  the  positive. 
This  manner  of  viewing  the  phenomenon  would  suppose  that 
water,  when  under  the  influence  of  an  electric  current,  by 
which  it  is  polarised,  would  assume  a  peculiar  chemical  con- 
stitution, in  virtue  of  which  a  considérable,  but  yet  variable 
number  of  atoms  of  water,  would  be  associated  together 
to  constitute  one  molécule  of  liquid  water,  of  which  one  atom 
of  oxygen  would  form  the  négative  or  acid  radical,  ana- 
logous  to  chlorine,  remaining  apart  ;  whilst  ail  the  other  atoms 
would  form  a  basic  or  positive  radical,  containing  definitively 
one  équivalent  of  hydrogen,  which  is  not  neutralised,  and 
which  gives  to  it  basic  affînity,  as  takes  place  in  many  organic 
radicals.  Now,  it  is  this  voluminous  basic  radical,  which  is 
transported  in  the  electric  décomposition  of  pure  water,  and  is 
decomposed  into  gaseous  hydrogen  and  into  water  at  the  néga- 
tive électrode,  producing  that  accumulation  of  water  which 
is  observed  ;  at  the  same  time  oxygen  is  liberated  alone  at  the 
positive  électrode.  The  porous  diaphragm  is  necessary 
for  giving  évidence  of  this  accumulation  of  water  at  the  néga- 
tive électrode,  in  order  to  prevent  the  liquid  regaining  its 
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level,  as  was  necessary  in  Daniell's  experiments,  to  give  évi- 
dence of  the  accumulation  of  acid  at  the  positive  électrode,  in  the 
décomposition  of  acidulated  water.  The  analogy  is  still  more 
complète  when  a  voltameter,  with  acidulated  water,  is  placed  in 
the  same  circuit  in  which  the  partitioned  apparatus  is  situated, 
fall  of  ordinary  water.  I  satisfied  myself  that  the  quantity 
of  gas  liberated  in  this  latter  apparatus  is  exactly  equal 
to  that,  which  is  liberated  in  the  voltameter.  Now,  if  there 
were  in  the  fact  of  the  transport  of  the  water  a  mechanical 
labour,  independent  of  electrolysis,  it  ought  to  find  its  équiva- 
lent in  a  more  abondant  décomposition  of  water  in  the  volta- 
meter ;  which  does  not  take  place,  whence  it  would  seem  to 
follow,  that  in  the  two  apparatus  there  are  simply  two  équiva- 
lent chemical  effects;  one,  the  décomposition  of  acidulated 
water  with  oxygen  and  acid  at  the  positive  électrode,  and 
hydrogen  at  the  négative  ;  and  the  other,  the  décomposition 
of  pure  water  with  oxygen  at  the  positive  électrode  and  of 
water  and  basic  hydrogen  at  the  négative. 

The  hypothetic  constitution,  that  water  would  assume 
under  the  influence  of  electric  polarity,  would  présent  nothing 
astonishing  ;  for,  like  as  a  molécule  of  oxygen,  or  of  any  other 
simple  body,  is  composed  of  a  group  of  chemical  atoms  more 
or  less  numerous,  nothing  prevents  our  supposing  that  a 
molécule  of  water  is  composed  of  a  group  of  chemical  atoms 
of  water  (each  composed  of  1  chemical  atom  of  oxygen,  and 
2  of  hydrogen)  more  or  less  numerous.  In  this  group  one 
atom  of  oxygen  is  detached  by  the  passage  of  the  current, 
whilst  the  other  atoms  of  the  water,  with  the  two  atoms  of 
hydrogen,  form  a  similar  group  with  the  atom  of  oxygen  of 
the  group  or  of  the  following  molécule,  according  to  the 
theory  of  Grotthus,  as  far  as  the  négative  électrode,  where 
they  finally  become  free. 

Mr.  Graham,  applying  the  same  ideas  to  ordinary  en- 
dosmose, sees,  in  this  class  of  phenomena,  an  effect  of  elec- 
tricity  produced  by  chemical  action,  that  the  liquids  between 
which  the  porous  substance  is  interposed,  exercise  upon  this 
substance  itself  ;  he  gives  the  name  of  osmotic  force  to  this 
particular  form,  which  electric  force  so  produced  assumes  ; 
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he  thus  explains  why  the  phenomenon  is  much  more  fréquent 
and  more  decided  with  animal  membranes,  than  with  porons 
eartha.  It  is  not  the  same  when,  the  endosmose  being 
electric,  the  electricity  is  furnished  to  the  liquida  directly  by 
an  exterior  source;  a  case,  in  which  the  nature  of  this 
porous  diaphragm  has  no  other  influence  than  that  resulting 
from  the  greater  or  less  facility,  with  which  it  allows  the 
electric  carrent  to  pass.  We  shall  return  to  this  subject 
when  we  shall  be  treating  of  the  electricity  developed  by 
chemical  actions,  the  endosmose  of  which  would  in  this  theory 
be  simply  a  remarkable  manifestation  ;  we  shall  then  ex- 
amine to  what  point  Mr.  Graham's  ideas  may  be  reconciled 
with  the  laws  found  by  M.  Wiedemann  and  with  the  facts, 
which  seem  to  prove  that  endosmose  may  take  place,  without 
any  apparent  chemical  action. 

We  shall  not  terminate  this  paragraph  without  referring 
to  Mr.  Napier's  experiments  on  electric  endosmose,  which, 
although  they  are  not  contrary  to  the  manner  in  which  Prof; 
Graham  yiews  this  phenomenon,  nevertheless  demonstrate 
the  necessity  there  is  of  studying  it  still  more  closely,  than 
has  been  done  by  the  celebrated  English  chemist     One  of 
the  most  remarkable  consists,  in  placing  the  two  électrodes  of 
a  pile,  each  in  a  porous  vessel,  filled,  the  one,  in  which  the 
positive  électrode  is  plunged,  with  hydrochloric  acid,   and 
the  one,  in  which  the  négative  électrode  is  plunged,  with 
pure  water  ;  the  two  porous  vessels  being  themselves  plunged 
in  pure  water.     When  the  carrent  has  passed  for  several 
hours,  a  little  hydrochloric  acid  is  found  in  the  intermediate 
water,  but  not  a  trace  in  the  négative  vessel  ;  in  which,  on 
the  contrary,  the  quantity  of  liquid  has  sensibly  augmented 
at  the  expense  of  the  exterior  water.     On  changing  the 
places  of  the  électrodes,  the  distilled  water  is  seen  to  pass 
from  the  positive  cell  into  the  intermediate  vessel,  and  the 
acid,  which  communicates  with  the  négative  électrode,  expé- 
riences no  change  ;  endosmose,  as  in  the  preceding  case,  only 
taking  place  between  the  vessels  filled  with  pure  water. 
There  is  indeed  a  chemical  décomposition,  but  it  is  very 
feeble.     It   is   not  necessary,  in  order  to  produce  electric 
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endosmose,  that  the  current  should  be  very  strong,  provîded 
that  it  be  sufficiently  prolonged.  Mr.  Napier  bas  succeeded, 
wîth  the  current  of  a  single  pair,  the  zinc  and  copper  of  which 
were  plunged  into  two  compartments,  separated  by  a  porous 
diaphragm,  and  each  filled  with  distilled  water,  in  making  a 
volume  of  water  of  about  21bs.  weight  pass  from  tbe  positive 
compartment  to  the  négative  at  the  end  of  forty  days  ;  the 
current  indicated  only  3°  on  a  very  sensitive  galvanometer, 
placed  in  the  circuit;  and  with  regard  to  the  décomposition 
of  the  water,  it  was  évident,  since  at  the  end  of  the  forty 
days  the  zinc  had  lost  38£  grs.,  which  represents  the  quan- 
tity  oxidised  dnring  the  course  of  the  experiment. 

Chemical  Effecte  of  orâinary  Electricity,  and  of  the  Electric 

Sparh 

A  long  time  before  the  discovery  of  the  décomposition  of 
water  by  the  voltaic  pile,  physicists  had  succeeded  in  pro- 
ducing    chemical    effects,   by  the    electricity   of   electrical 
machines.     I  do  not  speak  of  the  efiects  of  oxidation,  that 
accompany  the   incandescence  of  metals,  by  electric   dis- 
charges, observed  by  Van  Marum  and  by  others;  because 
electricity,  in  this  case,  contributes  to  it  only  indirectly,  by 
heating  the  wires.      But,  in  1790,  Paetz  and  Van  Troostwik 
had  decomposed  water  into  its  constituent  gases,  by  causing 
the  electric  spark  to  arrive,  by  means  of  a  very  fine  gold 
wire,  into  the  interior  of  a  glass  tube,  filled  with  water,  and 
causing  it  to  corne  out,  by  means  of  a  second  similar  wire, 
also  immersed  in  the  water,  at  some  distance  from  the  former, 
and  communicating  with  the  ground.     It  requires  a  very 
powerful  discharge  to  bring  about  the  décomposition,  and  the 
employment  of  a  Leyden  jar  is  necessary  ;  but,  in  order  not 
to  hâve  a  discharge  that  breaks  the  tube,  the  two  gold  wires 
are  placed  apart,  so  that  their  ends  shall  be  about  an  inch  and 
a  half  distant  from  each  other  ;  little  sparks  are  then  made  to 
pass  between  them,  the  force  of  which  is  gradually  increased, 
by  approximating,  little  by  little,  a  conductor,  which  com- 
municates  with  one  of  the  wires,  towards  the  outer  coating  of 
the  Leyden  jar,  until  very  small  bubbles  of  gas  are  seen  to  rise 
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in  the  water  of  the  tube.  As  soon  as  the  necessary  power  of 
electricity  has  been  dîscovered,  the  two  gold  wires  are  brought 
near  to  each  other,  so  as  to  obtain  in  the  dark  a  small  glow 
of  about  3V  °f  an  ^nc^  at  their  extremities,  immersed  in  the 
water.  This  distance  is  the  most  favourable  ;  for,  if  the 
wires  are  brought  nearer  together,  the  spark  passes  from  one 
wire  to  the  other  through  the  water,  and  breaks  the  tube. 
The  passage  of  500  sparks  produces  a  considérable  quantity 
of  gas,  which  inflames,  leaving  only  a  small  residue,  by  the 
passage  of  the  spark.  This  residue  arises  from  the  air,  that 
had  remained  dissolved  in  the  water  ;  it  is  no  longer  presented 
when  the  experiment  has  been  made  four  or  five  times  suc- 
cessively  with  the  same  water. 

Cuthbertson  and  Pearson  also  succeeded,  by  means  of 
a  very  great  number  of  discharges,  in  extracting  from  water  a 
small  quantity  of  the  mixed  gases,  oxygen  and  hydrogen. 
But  the  philosopher,  who  obtained  the  most  decided  effects 
of  chemical  décomposition  by  means  of  ordinary  electricity, 
was  Wollaston,  who,  in  1801,  a  short  time  after  the  décom- 
position of  water  by  the  pile,  showed  that,without  aLeyden  jar, 
and  without  even  powerfiil  electrical  machines,  we  may 
succeed  in  approaching  as  closely  as  possible  to  the  conditions 
under  which  we  operate  with  the  voltaic  pile.  He  devised 
the  plan  of  introducing  a  gold  wire  into  a  capillary  tube, 
giving  to  it  as  sharp  a  point  as  possible  ;  then,  after  having 
heated  the  tube  to  the  extent  of  causing  it  to  adhère  to  the 
point  and  to  cover  the  latter  in  ail  parts,  he  ground  it  down 
gradually,  untii  he  was  able,  with  a  lens,  to  discover  the  ex- 
tremity  of  the  gold  wire.*  On  passing  through  the  water 
electric  sparks,  drawn  from  the  conductor  of  the  machine,  by 
wires  thus  enveloped,  he  succeeded  in  the  décomposition,  by 
means  of  sparks  of  T*ïï  of  an  inch  in  length,  with  a  point, 
that  was  not  more  than  a  -j-gW  °f  an  inch  m  diameter. 

If  this  diameter  is  still  further  diminished,  a  continuons 
libération  may  be  obtained  of  small  gaseous  bubbles,  merely 
establishing  complète  contact  between  the  wire  and  the  con- 

*  The  same  process  is  equally  applicable  to  platinnm  wires;  we  hâve  em- 
ployée! it  for  obtaining  électrodes  that  should  présent  the  smaUest  possible 
point  of  contact  with  the  liquida  (ftg.  239.). 
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dactor  of  the  machine,  without  producing  any  visible  spark 
between  them.  Two  currents  of  gas  may  be  obtained  in 
like  manner,  by  causing  the  electricity  to  pasa  from  the  two 
sides  of  the  water,  at  the  same  time,  by  meana  of  fine  points, 
of  which  one  commnnîcates  with  the  positive  conductor,  and 
the  other  with  the  négative  conductor  pî  the  machine.  How- 
ever,  the  phenomenon,  notwithstanding  the  simijarity  of  ap- 
pearance,  does  not  take  place  in  the  same  manner  as  with  the 
pile;  for  each  wire  libérâtes  at  the  same  time  oxygen  and 
hydrogen,  instead  of  producing  them  separately. 

Wollaston  had,however,  succeeded  in  decomposing  salts, 
by  ordinary  electricity,  as  by  the  pile  ;  thus,  having  plunged 
two  silver  wires,  covered  with  wax,  except  at  their  very  ex- 
tremitieSjinto  a  solution  of  sulphate  of  copper,  and  having  made 
one  of  the  wires  communicate  with  the  positive  conductor 
and  the  other  with  the  négative  of  an  electrical  machine,  he 
obtained,  at  the  end  of  a  hundred  révolutions  of  the  machine, 
a  deposit  of  metallic  copper  at  the  négative  wire,  whilst  the 
positive  wire  presented  nothing  similar.  In  like  manner,  hav- 
ing passed  a  current  of  sparks  between  two  very  fine  gold  points 
placed  at  the  distance  of  an  inch  from  each  other  on  a  card 
coloured  with  a  strong  tincture  of  litmus,  he  remarked,  after 
a  very  small  number  of  turns  of  the  machine,  a  very  visible 
red  spot,  around  the  positive  wire  ;  on  placing  the  négative 
wire  near  the  same  spot,  it  was  soon  seen  to  regain  its  colour. 

Wollaston's  expérimenta  fairly  demonstrate  the  decom- 
posing power  of  the  electricity  of  ordinary  machines  ;  but 
they  still  allow  of  certain  doubts  as  to  the  nature  of  the 
mode  of  décomposition*  Is  it  a  simple  décomposition?  or  is 
this  décomposition  accompanied  by  the  transport  of  éléments, 
which  characterises  the  effect  of  the  current  and  which  we 
hâve  named  electrolysis  ? 

M.  Bonijol,  it  is  true,  had  succeeded  in  decomposing  water 
electrolytically,  by  means  of  atmospheric  electricity,  by  em- 
ploying  an  apparatus  with  fine  points,  with  which  he  had 
also  decomposed  it  by  means  of  ordinary  electricity.  He 
drew  off  atmospheric  electricity  by  the  intervention  of  a  point 
placed  at  the  extremity  of  an  insulating  rod,  and  commu- 
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nicating,  by  a  very  fine  wire,  with  the  apparatus  in  wfaich 
the  décomposition  is  brought  about.  The  same  philosopher 
had  also  succeeded  in  decomposing  solid  potash  and  chloride 
of  ail  ver,  by  placingthem  in  a  very  narrow  tube,  and  cauaing 
them  to  be  traversed  by  a  séries  of  electric  sparks,  brought 
into  the  tube,  by  means  of  two  wires,  one  communicating 
with  the  copdactor  of  the  machine  and  the  other  with  the 
ground  ;  at  the  end  of  five  or  ten  minutes  there  was  foond 
in  the  tube  either  potassium,  which  took  fire,  in  proportion 
as  it  was  reduced,  or  sodium.  But,  neither  in  this  case, 
could  it  be  proved  whether  the  décomposition  was  electro- 
lytic  or  not 

Faraday,  after  having  confirmed  the  accuracy  of  those 
expérimente  of  Wollaston's  which  are  favourable  to  electro- 
lytic  décomposition,  succeeded  in  demonstrating  it  in  a  much 
more  évident  manner.  He  took  for  this  purpose  a  glass 
plate,  upon  which  he  applied  two  pièces  of  tin-foil  a  and  b 
(fig.  245.),  which  he  placed  in  communication,  by  means  of 


Fig.  245. 

insulated  wires  c  and  d,  one  with  the  positive  conductor  of 
an  electrical  machine,  and  the  other  with  the  négative  con- 
ductor, or  with  a  discharging  apparatus*  ;  from  each  of  thèse 
plates  of  tin  was  led  a  fine  platinum  wire,  well  in  contact  with 
them,  and  abutting,  one  at  p,  the  other  at  n,  forming  thus  a 
positive  and  a  négative  pôle.  A  drop  of  sulphate  of  copper, 
having  been  placed  upon  the  glass  plate,  so  that  the  points 
p  and  n  might  plunge  into  it,  there  was  precipitated,  after 
twenty  turns  of  the  machine,  so  much  copper  at  n,  that 
the  wire  appeared  to  be  entire  copper;  no  spark  passed. 

*  We  hâve  already  pointed  ont  in  VoL  I.  that  Faraday  means,  by  dis- 
charging apparatus,  a  system  of  condacton,  sach  as  the  pipes  employed  in 
conreying  gas  for  illumination,  which  commanicate  in  a  perfect  manner  witn 
the  ground. 
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Iodide  of  potassium,  mixed  with  starch,  very  rapidly  gave 
off  free  iodine  at  p. 

The  last  mode  of  operating  for  expérimenta  of  this  kind, 
is  to  moisten  a  pièce  of  filtering  paper  with  the  solution,  that 
is  required  to  be  decomposed,  and  to  place  it  between  the  two 
points  p  and  n.  Thus  the  paper  saturated  with  a  solution  of 
iodide  of  potassium  in  starch,  is  seen  to  become  blue  at 
p,  after  the  machine  has  been  turned  scarcely  half  a  turn  ; 
this  is  the  most  sensitive  chemical  test,  that  it  is  possible  to 
find.  A  pièce  of  litmus  paper,  saturated  with  sulphate  of 
soda,  immediately  becomes  red  at  p,  whilst  turmeric  paper, 
moistened  in  like  manner,  becomes  red  at  n,  by  the  effect  of 
the  libération  of  alkali.  The  effects  of  voltaic  electricity  may 
be  still  better  imitated  by  arranging  (fig.  246.),  one  after  the 


Fig.  246. 

other,  upon  the  glass  plate,  several  small  pièces  of  paper,  half 
litmus  and  half  turmeric,  moistened  with  sulphate  of  soda, 
and  Connecting  them  by  métal  conductors  of  platinum,  r,  and 
8 y  80  that  the  extremities  n,  of  thèse  wires,  and  of  the  extrême 
wire  t,  which  communicates  with  the  négative  conductor, 
shall  be  in  contact  with  the  turmeric  paper,  and  as  the  ex- 
tremities p,  of  the  same  wire  and  of  the  extrême  wire  m, 
which  communicates  with  the  positive  conductor,  shall  be  in 
contact  with  the  litmus  paper,  the  points  r  and*,  resting  upon 
the  glass.  After  several  turns  of  the  machine,  we  see,  from 
the  colour  assumed  by  the  paper,  that  acid  is  liberated  at  ail 
the  points  p9  and  alkali  at  ail  the  points  n. 

It  is  necessary,  in  ail  thèse  expérimenta,  to  take  care 
to  avoid  the  passage  of  the  spark  over  the  moistened  papers  ; 
because  it  is  affected  by  the  nitric  acid,  the  formation  of  which 
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is  brought  about  by  the  spark,  by  prodacing  the  combinatïon 
of  the  nitrogen  and  oxygen  of  the  air. 

The  same  effects  may  be  obtained  by  employing  only 
a  single  conductor  conveyîng  one  of  the  electricities  to  one  of 
the  ends  of  the  moistened  papers,  and  causing  the  other  end 
to  commnnicate  with  the  ground,  or  simply  with  the  air,  by 
means  of  a  linen  or  hempen  thread  of  any  desired  length, 
moistened  with  the  same  solution  as  the  paper,  and  suspended 
by  silk  threads,  so  as  to  be  insulated.  The  point  where  the 
metallic  extremity  of  the  conductor  terminâtes,  manifesta  the 
libération  of  acid  or  of  alkali,  according  to  the  nature  of  the 
electricity  that  reaches  it.  A  single  métal  pôle  is  able, 
therefore,  to  produce  décomposition,  and  to  receive  one  of  the 
éléments,  whilst  the  other  is  liberated  somewhere  at  the  op- 
posite extremity  of  the  liquid conductor;  for  example,  against 
the  air,  which  may  itself  serve  as  a  pôle  or  électrode. 
Faraday  quotes  several  experiments,  which  proves  the  reality 
of  this  latter  supposition.  Thus,  a  pièce  of  turmeric  paper 
a,  and  a  pièce  of  litmus  paper  b  (fig.  247.),  having  been 


Fig.  247. 

moistened  in  a  solution  of  sulphate  of  soda,  were  placed  on 
wax  between  two  needles  p  and  n,  which  were  in  communi- 
cation, one  with  the  conductor  of  the  machine,  by  means  of 
a  wire,  and  the  other  with  the  discharging  apparatus;  the 
interval  between  each  point  and  the  extremity  of  the  cor- 
responding  paper  band  was  about  £  an  inch  ;  the  point  p 
was  opposite  to  the  litmus  paper,  and  the  point  n  to  the 
turmeric  paper.  As  soon  as  the  machine  was  touched,  décom- 
position took  place  ;  the  extremity  b  manifested  the  acid  ré- 
action, and  the  extremity  a  the  alkaline  re-action  ;  which  in- 
dicates  that  the  positive  electricity  arrives  from  the  point  p9 
through  the  air  to  b,  where  it  pénétrâtes  into  the  moistened 
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paper,  and  the  négative,  in  like  manner,  firom  the  point  m  to  a. 
In  this  case  tbe  air,  on  both  sides  equally,  fills  the  office  of 
électrode  ;  a  resuit,  which  can  only  be  obtained  by  means  of 
ordinary  electricity,  which  is  alone  capable  of  traversing  so 
imperfect  a  conductor  as  the  air.  We  may  give  to  this  last 
expérimenta  s  till  more  striking  form,  and  which  assimilâtes  it  to 
the  analogons  experiments  that  are  made  with  the  voltaic  pile, 
by  placing  {Jig.  248.)  a  séries  of  small  bands  of  litmus  and  tur- 
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meric  paper  a  b,  moistened  with  a  solution  of  snlphate  of  soda, 
and  arrangea  at  a  certain  distance  from  each  other,  on  a  plate  of 
glass  between  métal  points  p  and  n,  through  which  positive 
and  négative  electricity  arrive.  AU  the  points  of  the  litmus, 
as  well  as  those  of  the  turmeric  paper,  are  reddened  ;  which 
proves  that  the  small  layers  of  air,  interposed  between  the 
bands  of  paper,  fill  the  office  of  conductors  and  électrodes,  as 
did  the  wires  in^/fy.  245. 

The  results,  which  précède,  are  perfectly  in  accordance 
with  the  theory,  that  we  hâve  given  of  electrolysis.  The 
éléments  of  an  electrolyte,  separated  by  the  carrent,  and  which 
are  transported  by  way  of  successive  décomposition  and  re- 
composition, arrange  themselves  at  the  place  where  they  no 
longer  find  an  élément,  with  which  they  can  combine  ;  gene- 
rally  it  is  against  the  surface  of  a  métal  that  the  deposit  takes 
place  ;  but,  we  hâve  seen  that,  in  many  cases,  it  may  take 
place  against  the  surface  of  a  liquid,  as,  for  example,  in  the 
case  of  the  décomposition  of  sulphate  of  magnesia,  in  which  the 
magnesia  stops  against  the  water,  placed  between  the  sulphate 
and  the  négative  pôle,  and  does  not  reach  this  pôle.  It  is 
not  then  astonishing  that  the  acid  of  the  sulphate  of  soda,  on  the 
one  hand,  and  its  alkali,  on  the  other,  stop  against  the  surface 
of  the  layer  of  air,  interposed  between  the  bands  of  papers 
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and  the  positive  and  négative  pôles  ;  since  they  can  neither 
combine  with  the  oxygen  nor  with  the  nitrogen  of  this  air. 

But  if,  as  Faraday  has  proved,  ordinary  electricity  is  able 
to  bring  about  electrolytic  décomposition,  after  the  manner 
of  the  current  of  the  pile,  it  is  no  less  true,  that  it  also  pro- 
duces décomposition  without  transport  of  éléments  ;  for  ex- 
ample, in  Wollaston's  expérimenta  on  the  décomposition  of 
water.  However,  we  ought  to  add,  that  Davy  had  succeeded 
in  separating  the  two  constituent  gases  of  water,  by  plunging 
into  it  the  very  fine  extremity  of  a  platinum  wire,  which  re- 
ceived  the  electricity  of  an  electrical  machine,  and  by  causing 
this  electricity  to  be  dissipated  in  the  air,  by  means  of  fila- 
ments of  cotton  ;  he  collected,  as  it  seems,  the  oxygen  and 
hydrogen  gases  separate,  but  he  does  not  say  where  that  gas 
was  arrangea,  which  was  not  liberated  by  the  platinum  wire. 
This  very  doubtful  experiment  is  the  only  one  in  which  there 
had  been  success  in  obtaining  the  gases  separate,  in  the  de- 
composition  of  water,  by  ordinary  electricity  ;  in  ail  others, 
they  were  obtained  mixed.  The  explanation  of  this  fact  is  con- 
nected  with  the  necessity  there  is  of  distinguishing,  in  décom- 
positions, brought  about  by  ordinary  electricity,  those  which  re- 
suit fromtheregularandcontinuous  transmission  of  electricity, 
from  those  which  are  due  to  the  calorific  effect  of  the 
spark,  acting  on  the  molécules  of  the  liquid,  in  contact  with 
the  wire  from  which  it  escapes.  The  two  modes  may  présent 
themselves  simultaneously  and  in  proportions,  which  dépend 
on  the  circumstances  of  the  experiment,  more  favourable  to 
one  than  to  the  other.  The  electrolytic  mode  is  favoured  by 
the  very  pointed  forms  of  the  électrodes,  which  allow  of  a 
continuons  escape  of  electricity,  similar  to  a  current  ;  but  it  is 
necessary,  in  addition,  that  the  liquid  be  a  good  conductor; 
this  is  why  it  takes  place  with  saline  or  acid  solutions.  The 
non-electrolytic  mode  is  especially  presented,  when  the  liquids 
are  imperfect  conductors,  such  as  distilled  water,  or  even 
when  they  are  almost  totally  insulating,  as  alcohol  and  the 
oils. 

We  hâve  already  seen  that  Morgan  had  decomposed  al- 
cohol and  the  oils,  by  causing  electric  discharges  to  pass 
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throngh  them.*  We  hâve  also  seen  that  Dav y  had  succeeded, 
by  means  of  the  voltaic  spark,  produced  between  two  carbon 
points,  plungîng  in  various  liquida,  in  decomposing  thèse 
liquida,  whether  they  were  conductors  or  not;  a  proof  that  the 
décomposition  was  not,  at  least  in  a  great  number  of  the  cases, 
electrolytic,  but  rather  an  effect  of  the  heat,  liberated  between 
the  points.  M.  Melly  has  examined  more  closely  this  mode 
of  décomposition.  He  made  use  of  a  tube,  closed  below  by 
means  of  a  cork,  through  which  penetrated  a  wire,  placed  by 
its  onter  extremity,  in  communication  with  one  of  the  pôles  of 
a  Grove's  pile  of  five  or  six  pairs,  and  in  this  tube,  filled  with 
the  liquid,  submitted  to  expérimenta  plunged  another  smaller 
tube,  filled  with  the  saine  liquid,  but  closed  above  by  means 
of  a  cork,  also  traversed  by  a  wire,  communicating  with  the 
otber  pôle  of  the  pile.  Contact  could  be  made  or  broken  with 
the  hand,  between  the  extremities  of  the  two  wires  plunged 
in  the  liquid  ;  and  at  each  rupture  a  spark  was  produced.  It 
is  easy  to  obtain  more  than  a  hundred  of  thèse  sparks  per 
minute,  as  soon  as  the  hand  is  accustomed  to  this  backward 
and  forward  motion.  Moreover,  by  means  of  a  small  lever 
put  in  communication  with  a  toothed  wheel,  that  is  set  in  mo- 
tion by  the  hand,  we  may  very  easily  bring  about  the  making 
and  breaking  of  contact  between  the  two  wires;  we  may 
even  place  the  toothed  wheel  in  the  liquid,  as  well  as  a  little 
métal  spring,  which  presses  constantly  on  the  circumference; 
this  spring  communicates  with  one  of  the  pôles,  the  axis  of 
the  wheel  with  the  other,  and  we  thus  obtain,  on  turning  the 
wheel,  a  séries  of  sparks,  the  number  of  which  dépends  both 
upon  that  of  its  teeth,  and  upon  the  velocity  with  which 
it  is  made  to  rotate.f  By  thèse  various  processes,  M.  Melly  has 
succeeded  in  decomposing  olive  oil,  essence  of  turpentine, 
sulphuric  ether,  absolute  alcohol,  alchohol  at  36°,  ordinary 
naphtha,  pure  naphtha,  sulphuret  of  carbon,  chloride  of 
sulphur,  and  distilled  water, —  substances,  not  one  of  which 
could  be  decomposed  electroly tically  by  the  current  of  the  pile 
eraployed  for  producing  the  spark. 

*  Vol.  n.  p.  139. 

f  Vide  Vol.  J.  p.  302.,  fig.  131.,  a  wheel  flimilar  to  that  in  question. 
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Two  différent  facts  are  observed  in  gênerai,  in  thèse  ex- 
périmenta :  —  tfae  production  of  a  vaponr  saturated  with  the 
liquid,  when  it  is  tolerably  volatile,  and  its  décomposition. 
Essence  of  turpentine  does  not  sensibly  vaporise,  but  there 
is  seen  in  it  a  libération  of  large  gaseous  bubbles,  which  are 
a  mixture  of  hydrogen  and  carburetted  hydrogen,  and  a 
deposit  of  carbon,  which  remains  in  suspension  in  the  liquid  ; 
olive  oil  and  naphtha  give  very  similar  résulta  to  that,  which 
is  obtained  with  essence  of  turpentine.     Alcohol,  and  espe- 
cially  ether,  produce  a  considérable  libération  of  bubbles  of 
vaponr,  in  addition  of  those  of  gas,  which,  having  arrived  at 
the  top  of  the  tube,  condense  gradually  by  the  cooling  of  the 
apparatus.     The  deposit  of  carbon  is  very  feeble.     Sulphuret 
of  carbon  gives  no  gas  ;  chloride  of  sulphur  gives  off  a  little. 
In  thèse  two  liquids,  the  wires,  which  are  of  copper,  become 
grey  by  the  formation  of  a  sulphuret,  and  carbon  in  laminse 
of  a  brilliant  grey  remains  in  suspension  in  the  former,  whilst 
a  little  sulphur  of  a  dirty  yellow  is  found  in  the  latter. 
Distilled  water,  perfectly  pure,  and  deprived    with  great 
care  of  air,  gives  rise  to  a  pulvérulent  deposit,  which   is 
protoxide  of  copper,  and  to  a  gaseous  libération,  composed  for 
three-fourths  of  a  mixture  of  oxygen  and  hydrogen,  and  for 
one-fourth  of  pure  hydrogen  ;   probably  équivalent  to  the 
oxygen  of  the  protoxide  of  copper.   By  substituting  platinam 
wires  for  copper  wires  in  the  distilled  water  expérimenta 
scarcely  any  gas  is  obtained,  but  a  very  abundant  deposit  of 
a  black  powder,  which  is  nothing  else  than  very  divided 
platinum,  as  may  easily  be  proved.     This  experiment  de- 
monstrates  that,  under  the  influence  of  the  heat  of  the  voltaîc 
spark,  platinum  has  been  alternately  oxidised  and  reduced 
by  the  hydrogen  of  the  water,  which  consequently  has  been 
decomposed  in  the  same  manner  as  the  vapour  of  alcohol  or 
ether  is  decomposed  in  the  aphlogistic  lamp,  by  the  heat  of 
incandescent  platinum.     Between  two  fragments  of  coke,  ob- 
tained from  the  gas-works,  a  spark  is  obtained,  which  décom- 
poses distilled  water  very  well,  with  production  of  hydrogen 
and  of  a  little  carbonic  acid,  the  greater  part  of  this  acid  re- 
maining  dissolved  in  the  water. 
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In  ail  thèse  experiments,  the  induction  spark  may  be  ad* 
vantageously  substituted  for  the  spark  of  the  pile  ;  which  pro- 
duces the  same  effect,  with  a  much  less  considérable  number  of 
voltaic  pairs;  one  alone  is  sufficient  with  a  good  induction 
apparatus.  However,  the  effects  are  more  complex,  because 
the  induction  currents  frequently  act  upon  theliquid  electrolyt- 
ically,  at  the  same  time  as  they  décompose  it  by  the  spark. 
This  explains  the  anomalous  résulta  that  Grove  has  obtained, 
on  decomposing,  by  means  of  the  induction  currents  of 
RuhmkorfFs  apparatus  *,  distilled  water,  or  water  slightly 
or  powerfully  acidulated.  The  électrodes  were  very  fine 
platinum  wires,  sealed  into  glass  tubes,  so  that  their  ex- 
tremity  was  embedded  in  the  very  end  of  the  tube,  without 
passing  beyond  it  The  gaseous  product,  accumulated 
around  each  point,  was  a  mixture  of  oxygen  and  hydrogen, 
with  an  excess  sometimes  of  one,  sometimes  of  the  other  gas  ; 
however,  when  the  gaseous  mixtures,  accumulated  around 
each  of  the  two  électrodes,  were  put  together,  there  was 
found,  after  having  caused  them  to  detonate,  an  excess  of 
hydrogen,  if  the  water  contains  a  very  feeble  quantity  of 
sulphuric  acid,  and  an  excess  of  oxygen  if  it  contains  more 
than  the  proportion  that  gives  it  its  maximum  of  conduct- 
tibility.  When  it  contains  exactly  this  proportion,  there  is 
scarcely  any  excess  of  either  one  gas  or  the  other.  We  must 
also  remark,  that  the  gaseous  volumes  are  never  equal  on 
both  électrodes;  it  is  sometimes  at  one,  sometimes  at  the 
other,  that  they  are  more  considérable.  If,  instead  of  a  point, 
we  take  a  plate  of  platinum  for  one  of  the  électrodes,  there 
is  no  sensible  libération  of  gas  around  the  plate,  whilst  there 
is  some  around  the  other  électrode,  which  has  remained  a 
point,  as  when  they  were  both  points.  AU  thèse  effects  are 
of  the  same  kind  as  those  which  we  hâve  described  in  a  pre- 
ceding  paragraph,  with  this  différence,  that,  independently 
of  the  présence  of  alternate  currents,  which  act  electrolyti- 
cally,  carrying  at  once  oxygen  and  hydrogen  to  each  of 
the  électrodes,  where  they  undergo  a  partial!  and  sometimes 


*   Vide  Vol.  I.  p.  355. 
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even  a  total  recomposition,  as  with  the  plate,  the  intervention 
of  the  spark,  which,  with  M.  Ruhmkorff's  apparatus,  is  very 
powerful,  still  further  complicates  the  results. 

It  is  probable  that  the  excess  of  hydrogen,  obeerved 
in  certain  cases,  is  due  to  the  formation  of  a  little  oxygenated 
water,  like  as  that  of  the  oxygen,  which  occurs  when  the 
acidnlated  water  is  concentrated,  is  eqnally  due  to  the  forma- 
tion of  a  secondary  product,  snch  as  snlphuretted  hydrogen. 
The  observation,  that  was  made  by  Mr.  Grove,  that  a 
blackish  powder  is  deposited,  which  is  divided  platinum, 
when  the  discharge  of  Ruhmkorff's  apparatus  has  been 
allowed  to  pass  for  a  great  number  of  hours  (thirty  to  forty), 
not  consécutive,  by  means  of  a  plate  and  a  point  serving  as 
électrodes,  through  the  vapours  of  water  arising  from  distilled 
water  placed  in  vacuo,  is  a  proof  of  the  alternate  décompo- 
sition and  recomposition  of  water. 

Thus,  as  M.  Masson  justly  remarks,  at  the  end  of  certain 
researches,  also  made  with  Ruhmkorff's  apparatus,  ail  thèse 
résulte,  as  well  as  those,  which  he  himself  obtained,  confirm 
the  distinction,  that  we  hâve  established  between  polar  or 
electroîytic  décomposition,  and  cahrijic  décomposition»  Thia 
philosopher  has  observed  that  the  décomposition  is  much  more 
abundant,  where  the  électrode  is  luminous,for  example,  at  the 
négative  and  at  that  which  is  terminated  in  a  point,  when 
the  other  has  the  form  of  a  bail,  because  the  two  modes  of 
décomposition. are  found  united.  He  quotes  several  examples 
of  the  second  mode  of  décomposition,  which  he  has  studied, 
as  M.  Melly  had  already  done,  by  operating  upon  non-con- 
ducting  substances.  M.  Quet,  who  has  made  expérimenta 
of  the  same  kind  as  those  of  M.  Masson  and  Mr.  Grove, 
remarks,  that  the  platinum  wire  and  the  glass,  by  which 
it  is  surrounded,  are  altered  and  fused,  after  having  been 
employed  for  the  décomposition  of  water  with  Ruhmkorff's 
apparatus. 

It  was  of  importance  to  prove  in  a  direct  manner  the  exis- 
tence of  calorific  décomposition,  for  it  might  always  be 
suspected  that  it  was  really  an  effect  of  electricity  and  not 
of  the  heat  liberated  by  this  electricity.     It  is  to  Mr.  Grove 
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we  are  indebted  for  haying  demonstrated  that  décomposition 
in  the  case,  wherein  it  is  not  electrolytic,  is  truly  due  to  thct 
action  of  heat  At  first  he  succeeded,  after  varions  trials, 
in  decomposing  water,  by  igniting  to  redness,  by  means  of 
an  electric  current,  a  platinum  wire,  inserted  at  the  bottom 
of  a  tube  filled  with  water  and  contracted  immediately  over 
the  wire,  so  as  to  allow  only  the  space  strictly  necessary  for 
the  vapour  formed  by  the  heat  of  the  wire  to  ascend,  and  for 
the  water  to  redescend  (Jig.  249.). 


Fig.  249. 

Two  pairs  were  sufficient,  in  order,  after  the  expulsion  of  the 
ai#,  that  the  water  may  be  seen  to  boil  and  the  wire  to 
become  incandescent,  in  the  midst  of  the  vapour;  then 
small  gaseous  bubbles  are  seen  to  separate  and  to  ascend 
to  the  top  of  the  tube,  whence  they  are  led,  by  means  of 
its  bent  end,  under  a  bell-glass;  the  phenomenon  does 
not  take  place  in  a  continuons  manner,  but  only  by 
jerks.  The  gas  is  a  mixture  of  hydrogen  and  oxygen.  It 
is  évident  that  the  décomposition  of  the  water  is  truly  an 
effect  of  the  heat  of  the  wire  and  not  of  the  current,  that 
traverses  it;  for  this  current  is  incapable  of  being  trans- 
mitted  through  distilled  water,  and  no  effect  is  obtained 
upon  separating  the  platinum  wire  at  its  middle,  and  upon 
vaporising  the  water,  by  means  of  the  flame  of  a  spirit-lamp, 
applied  exteriorly;  whilst,  on  vaporising  in  the  same 
manner,  if  the  wire  is  continuous  and  the  current  is  tra- 
versing  it,  we  bring  about  the  formation  of  a  bubble  of  gas, 
by  filling  the  tube  with  water  well  distilled,  and  carefully 
freed  of  air  (Jig.  250.).  Only  the  bubble  must  be  transferred 
to  another  vessel  in  order  to  obtain  a  second.     We  are  not 
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able,  even  when  the  incandescence  has  been  maintained  for  a 
long  time,  to  increase  the  volume  of  the  gaseous  mixture 

beyond  a  very  limited  quantity, 
which  is  probably  due  to  the  fact 
that,  remaining  thus  in  contact 
with  the  platinum  wire,  it  dé- 
tonâtes and  re-fonns  water.  In 
the  experiment  of  jig.  248.  it 
was  not  the  same,  because  the 
gaseous  bubbles  escaped  ont  of 
the  tube,  in  proportion  to  their 
Moreover  the  mode  of  operating  of  Jig.  250. 


Fïg.  250. 


formation» 

excludes  ail  idea  of  electrolytic  décomposition,  since  the  in- 
candescent platinum  wire  is  not  in  contact  with  the  water, 
but  only  with  a  non-conducteous  atmosphère  of  dry  vapour. 

After  thèse  various  essays,  Mr.  Grove,  wishing  to  exclude 
the  employment  of  the  electric  current,  even  as  a  source  of 
heat,  procured  a  tube  of  silver  9^  in.  in  length,  with  a 
diameter  of  about  £  an  inch  ;  at  the  upper  extremity  of 
which  was  soldered  a  head  of  platinum,  furnished  with  a 
small  tube,  also  of  platinum,  soldered  and  closed  with  gold 
(Jig.  251.).     The  apparatus  was  filled  with  water,  properly 

prepared,  and  the  latter  was 
then  subjected  to  boiling,  in 
order  to  expel  the  air,  adhering 
to  the  sides.  The  tube  was 
then  inverted  and  heated  at  its 
upper  extremity  by  the  flame 
ofablowpipe;  upon  inverting 
it  under  water,  a  small  bubble 
of  detonating  gas  was  col- 
lected.  With  a  globule  of  pla- 
tinum, that  was  melted  at  the 
extremity  of  a  large  wire,  the  décomposition  of  water  was 
likewise  brought  about  by  plunging  it  in,  at  the  moment, 
when  it  attains  to  the  state  of  fusion.  But,  in  order  to  ob- 
tain  a  continuous  libération  of  gas  from  the  body  of  the  water, 
submitted  to  the  sole  action  of  heat,  Groye  constructed  the 
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following  apparatua  (fig.  252.),  in  which  a  and  b  are  two 
tabès  of  silver,  3$  in.  in  length,  and  -^  in.  in  diameter, 
solderai  by  two  platinum  caps  to  a  narrower  tube,  also  of 


Fig.  252. 

platinum.  The  tube  a  is  closed  at  its  extremity,  and  the 
bent  glass  tube  d  is  adjusted,  by  means  of  a  band  of  bladder, 
to  the  extremity  of  the  tube  6.  The  whole  is  filled  with 
water,  deprived  of  air»  and  after  having,  by  means  of  heat, 
brought  about  the  expulsion  of  the  air  from  the  tube  a,  the 
extremity  of  the  glass  tube  is  plunged  into  a  cup  of  boiling 
water.  The  tube  b  is  first  heated,  by  means  of  a  spirit  lamp, 
and  then  the  tube  a,  to  complète  ebullition  ;  the  jet  of  a  gas 
blowpipe  is  immediately  directed  upon  the  junction  tube  of 
platinum.  When  the  température  has  attained  as  nearly  as 
possible  to  the  fusing  point  of  platinum,  gas  is  liberated  at 
the  same  time  as  vapour,  so  as  to  fill  the  apparatus  and 
even  to  corne  ont  of  it  ;  it  is  then  collected  in  a  test-tube. 
It  is  for  j^  a  mixture  of  oxygen  and  hydrogen  in  the  pro- 
portions that  form  water;  the  residue  is  nitrogen,  with  a 
little  oxygen,  which  is  derived  from  the  air,  dissolved  in 
the  water. 

Thus,  under  the  influence  of  incandescent  platinum,  heat 
alone,  without  any  electric  influence,  is  able  to  décompose 
water.  This  phenomenon  cannot  be  attributed  to  the  cataly  tic 
force  of  platinum  ;  since  this  force,  on  the  contrary,  far  from 
producing  décomposition,  would  bring  about  combination  ;  it 
is  therefore  a  véritable  direct  effect  of  heat. 


Digitized  by 


Google 


458  TRANSMISSION  OF  ELEOTEICITY.  pjlbt  it. 

The  action  of  electrîc  beat  ttpon  gages  thus  présenta  some 
curious  phenomena,  which  it  is  of  importance  to  study.  This 
also  Mr.  Grove  did,  by  placing  varions  gaseous  substances, 
successiyely  in  a  similar  tube  to  that  oîfig.  249.  and  rendering 
the  platinum  wire,  which  traverses  the  upper  part  of  the 
tube,  incandescent  by  means  of  a  voltaic  current  The  expé- 
rimenta were  made  sometimes  over  water,  at  other  times  over 
niercury.  Oxygen,  nitrogen,  hydrogen,  carbonic  acid,  under- 
went  no  sensible  altération.  Bioxide  of  nitrogen  collected 
over  distilled  water,  contracted  to  one-third  its  initial  volume  ; 
the  residue  was  nitrogen  ;  and  nitric  acid  was  found  in  solu- 
tion in  the  water.  The  protoxide  of  nitrogen  was  decom- 
posed  into  nitrogen  and  oxygen,  increasing  by  0*35  of  its 
primitive  volume.  Àmmonia  doubled  in  volume,  the  water 
no  longer  absorbed  it,  it  was  decomposed  into  its  three  parts  of 
hydrogen  and  one  of  nitrogen.  Olefiant  gas  suffered  a  slight 
contraction  of  volume,  accompanied  by  a  feeble  deposit  of 
carbon  ;  but  the  décomposition  of  the  gas  was  not  complète. 
Ghlorine  and  cyanogen  gave  thick  white  clouds,  which 
arose  probably  from  their  action  upon  platinum. 

A  long  time  before  Grove,  philosophers  had  succeeded 
in  decomposing  gases  by  the  electric  spark  ;  but,  in  showing 
that  the  same  effect  is  produced  by  incandescent  platinum, 
Grove  has  proved  that  it  is  truly  to  the  heat  of  the  spark,  and 
not  to  its  being  electric,  that  the  phenomenon  is  due.  The 
protoxide  and  deutoxide  of  nitrogen,  as  well  as  ammonia, 
are  decomposed  by  the  spark,  as  well  as  by  incandescent 
platinum;  but  the  spark  décomposes  also  sulphuretted  and 
phosphuretted  hydrogen  ;  the  volume  of  the  hydrogen  does 
not  change,  but  sulphur  and  phosphorus  are  deposited.  Car- 
buretted  hydrogen  and  hydrochloric  acid  gases  are  also 
decomposed  ;  with  carbonic  acid,  an  increase  of  volume  is 
observed,  and  the  formation  of  a  little  oxide  of  carbon,  but 
the  décomposition  is  never  complète. 

A  very  remarkable  thing  is,  that  this  same  electric  spark, 
which  décomposes  compound  gases,  when  traversing  them, 
brings  about,  in  like  manner,  the  combination  of  elementary 
gases.     The  apparatus,  that  is  employed  for  producing  thèse 
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combinations,  is  the  same  as  that,  by  means  of  which  décom- 
position is  produced.  It  is  a  glass  tabe,  the 
sides  of  which  must  be  very  strong,  f  in.  in 
thickness  (Jig.  253.),  closed  at  its  summit,  and 
open  at  its  other  extremity  ;  it  must  be  pierced, 
in  the  portion,  near  to  the  summit,  with  two 
small  holes,  through  which  two  wires  of  pla- 
tinnm  or  copper  are  introduced,  which  are  her- 
metically  sealed  in  them.  The  inner  extremities 
of  the  two  wires  are  opposite  to  each  other, 
leaving  between  them  an  interval  of  T\y  or  T!ïï 
of  an  inch  ;  between  them  the  spark  is  made  to 
pass,  by  caosing  the  outer  extremities  of  the 
wires  to  communicate,  one  with  the  inner  coating, 
the  other  with  the  outer  coating,  of  a  Leyden 
jar.  The  tube  is  generally  fiUed  with  mercury 
rather  than  with  water,  on  accoont  of  the  solu- 
Fig.  S53.  ble  gases  ;  then  the  gases  are  passed  in,  whose 
combination  is  required  to  bebronght  about,  care  being  taken 
not  to  introduce  sufficient  to  drive  out  ail  the  mercury,  of 
which  an  inch  or  more  must  always  be  left  at  the  bottom  of 
the  tube  ;  the  latter  is  plunged  by  its  base  in  a  small  cup 
in  which  some  mercury  is  placed,  that  ascends  in  its  interior 
when  the  combination  of  the  gases  has  brought  about  a 
diminution  of  volume  in  the  gaseous  mass,  as  most  commonly 
happens. 

The  combination,  that  is  brought  about  most  easily,  by 
means  of  the  electric  spark,  is  that  of  two  volumes  of  hydro- 
gen  and  one  volume  of  oxygen  ;  it  is  attended  by  a  violent 
détonation,  which  risks  breaking  the  glass  tube,  if  it  is  not 
very  stromg,  and  the  mercury  rises  rapidly  to  the  top  of  the 
tube,  to  fill  the  space  that  had  become  void  by  the  condensa* 
tion  of  the  vapour  of  water,  fbrmed  by  the  combination  of 
the  two  gases.  So  that  the  mixture  of  oxygen  and  hydrogen, 
in  the  proportions  that  form  water,  is  called  explosive 
mixture.  If  one  of  the  gases  is  in  excess,  it  does  not  prevent 
the  combination,  which  is  always  brought  about  between  two 
volumes  of  hydrogen  and  one  volume  of  oxygen,  with  an 
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excess  of  the  gas,  that  is  found  in  too  high  a  proportion  in 
the  mixture.  However,  the  gas  in  excess  must  not  exceed 
seven  times  the  volume  of  the  explosive  mixture,  if  it  is 
hydrogen,  and  twelve  times,  if  it  is  oxygen  ;  there  is  then 
no  combination.  In  like  manner,  if  there  are  more  than 
ten  volumes  of  atmospheric  air  mixed  with  one  volume  of 
the  explosive  mixture,  the  latter  does  not  detonate,  under 
the  action  of  the  electric  spark.  This  négative  influence  of 
the  présence  of  a  ttiird  gas  is  gênerai  ;  but  the  proportion 
of  the  gas,  necessary  for  preventing  the  combination  of  the 
oxygen  and  hydrogen,  varies  according  to  its  nature.  It  is 
probable  that  this  effectis  due  to  the  cooling  action,  exercised 
upon  the  spark  by  the  considérable  quantity  of  the  gas,  in 
the  midst  of  which,  the  explosive  mixture  is,  as  it  were, 
drowned;  such  at  least  is  the  case,  when  the  gas  in  excess 
is  hydrogen,  oxygen,  or  atmospheric  air.  But  it  may  also 
happen  that  this  gas  itself  exerts  an  action  over  the  oxygen 
or  hydrogen  of  the  mixture;  and,  in  that  case,  it  requires 
a  much  less  proportion  in  order  to  arrest  the  explosion  ;  this 
takes  place  with  hydrochloric  acid  gas,  with  sulphurous  acid 
gas,  and  with  ammonia. 

We  should  remark,  indeed,  that  in  the  phenomenon  of  the 
combination  of  oxygen  and  hydrogen,  by  the  electric  spark, 
the  heat  of  the  spark,  in  bringing  about  the  combination  of 
the  first  gaseous  molécules,  that  it  meets,  becomes  thus  in  its 
turn  itself  the  cause  of  a  great  development  of  heat,  which 
produces  the  combination  of  the  other  molécules,  and  so  on  ; 
in  such  sort,  that  this  combination  is,  so  to  speak,  instanta- 
neous  ;  a  phenomenon,  which  may  consequently  be  attributed 
to  the  great  heat,  that  attends  the  combination  of  oxygen  and 
hydrogen.  But,  when  other  gases  are  in  question,  such  as 
nitrogen  and  oxygen,  for  example,  which  produce  but  little 
heat  by  their  combination,  a  very  great  number  of  sparks  are 
necessary  in  order  to  their  combination,  because  each  spark 
only  brings  about  the  combination  of  thèse  molécules  of  the 
two  gases,  that  it  meets  directly.  Priestley,  and  after  liiin 
Cavendish,  had  observed  this,  who  were  the  first  to  succeed 
in  forming  nitric  acid,  by  passing  a  séries  of  electric  sparks 
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through  atmospheric  air.     In  order  tomake  this  expérimenta 
it  is  necessary  to  use  a  bent  glass  tube  (Jig.  254.)  about  an 

inch  in  diameter,  fiUed  with  mer- 
cury, except  in  its  npper  bent  part, 
in  which  a  little  atmospheric  air  is 
left,  and  plonging  by  its  two  ex- 
tremities  into  separate  glass  vessels 
aho  containing  mercury.  The 
mercury  of  one  of  the  vessels  is 

Fia  254.       '^^      PUt   ***  commximC2LÛOTl    with    the 

ground,  and  that  of  the  other  is 
attached  to  the  condnctor  of  an  electric  machine  ;  by  means 
of  which  a  carrent  of  sparks  is  made  to  pass  through  the  air 
situated  in  the  npper  part  of  the  tube.  In  proportion  as  the 
volume  of  the  air  diminishes,  fresh  is  introduced.  Cavendish, 
after  having  operated  with  this  apparatus  for  a  fortnight, 
half  an  hour  each  day,  found  that  the  oxygen  and  nitrogen 
had  combined,  in  the  proportion  of  seven  volumes  of  oxygen 
and  three  of  nitrogen,  to  produce  nitric  acid  ;  the  présence  of 
which  could  besides  be  easily  detected,  either  by  its  action 
upon  blue  vegetable  tincture,  or  by  the  formation  of  nitrate 
of  potash,  when  a  solution  of  potash  was  introduced  into  the 
tube. 

The  combination  of  chlorine  and  hydrogen  in  equal  volumes 
to  form  hydrochloric  acid,  was  in  like  manner  brought  about 
by  the  electric  spark  ;  the  combination  is  immédiate,  as  with 
the  explosive  mixture,  and  is  attended  by  a  powerful  détona- 
tion. 

Simple  gases  are  not  the  only  ones  that  form  combinations 
when  an  electric  spark  is  made  to  pass  through  their  mixture  ; 
new  combinations  may  also  be  brought  about  between  a  com- 
pound  gas  and  a  simple  one.  The  following  is  a  table,  that 
contains  some  of  the  most  important  results,  obtained  in  this 

manner  :  — 

A     _        .,      _  _  ,      ,  r2  vols,  carbonic 

2  vola,  oxide  of  carbon  and  1  vol.  oxygen,  give  -j    ^jj 

r  2  vols,  oxide  of 
„     protocarburetted  hydrogen  and  2  oxygen,    „    <   carbon  and    2 

l  vols,  hydrogen. 
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r  8  vols,  hy  drochlo- 
2  vols,  protocarburetted  hydrogen  and  4  chlorîne,  give  i    rie  acid  ;  a  de- 

l  posit  of  carbon. 

r4  vols,  carbonîc 
2     „     bicarbonated  hydrogen  and  6  oxygen,  „    J    acid;  a  depoait 

l  ofwater. 

s  2  vols,  carbonîc 
l     „     cyanogen  and  2  oxygen,  „    -J    acid  ;  1  voL  ni- 

l  trogen. 

r2  vols,  carb.  ac. 


fv  vote,  ca 
1  vol.  ni 
andasli 
posit  of 


2     „     hydrocyanic  acid  and  2 J  oxygen,  „     <j    and7sH^£ 

posit  of  water. 

We  see,  by  what  précèdes,  that  the  same  cause,  which 
brings  about  the  décomposition  of  a  compound  gas,  maj 
produce  a  new  combination,  when  tliis  compound  gas  is  in 
présence  of  another.  One  of  the  phenomena  is  a  conséquence 
of  the  other  in  this  sensé,  that  the  electric  spark  in  dis- 
tributing  by  its  passage  the  chemical  eqnilibrium  of  one  gas, 
facilitâtes  consequently  the  formation  of  an  entirely  new 
compound.  The  property  of  the  spark,  or  rather  of  the 
heat,  ,that  it  introduces  into  the  midst  of  the  gaseous  par- 
ticles,  is  therefore  to  distribute  the  chemical  equilibrium,  pro- 
bably  by  impressing  upon  the  atoms,  according  to  the  theory 
that  we  hâve  already  on  one  or  two  occasions  laid  clown,  a 
more  rapid  motion  of  rotation  than  that,  which  they  possess 
at  the  ordinary  température. 

It  is  easy  to  prove  that  the  property  possessed  by  the 
spark  of  bringing  about  combinations  as  well  as  décompo- 
sitions, is  indeed  due  to  heat  ;  we  hâve  merely  in  the  appa- 
ratus  (fig.  254.)  to  substitute  for  the  two  platinum  points  a 
fine  and  continuous  wire  of  the  same  métal,  which  traverses 
the  tube  ;  on  raising  it  to  red  heat,  by  means  of  an  electric 
current,  the  same  effects  of  combination  are  obtained  as  with 
the  spark. 

A  circumstance  that  influences  this  facility,  with  which 
gases  combine  by  the  effect  of  the  electric  spark,  is  their 
density.  Grotthus  has  found  that  a  mixture  of  chlorîne  and 
hydrogen  no  longer  détonâtes,  when  it  is  reduced  by  rare- 
faction  to  a  sixth  of  its  density.     This  raréfaction  must  be 
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extended  beyond  the  sixth  of  its  density,  in  order  to  make  a 
mixture  of  hydrogen  and  oxygen  lose  its  detonating  faculty. 
Raréfaction  resulting  frora  élévation  of  température,  produces 
sîmilar  effects,  which  proves  that  increase  of  température 
does  not  compensate  for  the  weakness  that  résulte,  in  the 
nratual  action  of  the  particles,  from  their  greater  mutual 
séparation.  It  would  be  quite  otherwise,  if,  on  heating  the 
gases,  they  were  prevented  frora  expanding,  so  that  their 
elastio  force  alone  and  not  their  volume,  could  increase  ;  it 
is  very  probable,  that  in  this  case  the  action  of  the  electric 
Bpark,  for  bringing  about  their  combination,  would  be  faci- 
litated.  Experiments  of  this  kind  hâve  never  been  made  ; 
they  deserve  to  be  attempted. 

Independently  of  the  chemical  effects,  that  are  produced 
by  electricity  indirectly  npon  gases  by  the  heat,  which  it 
causes  to  penetrate  into  their  particles,  Mr.  Grove  has  found 
that  it  is  able  to  bring  about  more  direct  ones,  and  which 
seem,  to  a  certain  extent,  to  be  electrolytic.  It  is  by  em- 
ploying  the  induction  currents,  produced  by  RuhmkorflPs  * 
instrument,  that  he  arrived  at  the  interesting  résulte,  that 
we  are  about  to  describe.  The  experiments  were  made  by 
means  of  an  apparatus  similar  to  that  of  fig.  218.  A  plate 
of  silver  was  placed  upon  the  support  of  the  bell-glass,  and  a 
steel  needle  was  fixed  at  the  extremity  of  the  stem,  at  a 
distance  of  about  -^  of  an  inch  from  the  plate.  The  induction 
current  was  transmitted  from  the  plate  to  the  needle  ;  the 
médium  was  air,  rarefied  to  about  -707  in.,  mixed  with  hy- 
drogen  and  a  little  vapour  of  water  ;  there  was  seen  to  be 
formed  upon  the  plate,  when  it  was  positive,  a  circular  spot 
of  oxide  of  silver,  presenting  successively  yellow,  orange,  or 
blue  tinte.  The  direction  of  the  current  being  reversée!,  the 
spot  disappeared,  and  the  silver  again  became  perfectly  clean  ; 
the  place  that  the  spot  had  occupied,  might,  however,  still  be 
distinguished.  In  rarefied  air,  without  mixture  of  hydrogen, 
oxidation  took  place,  whatever  was  the  direction  of  the 
current,  but  it  was  more  rapid,  when  the  plate  was  positive. 
In  pure  rarefied  hydrogen,  no  oxidation  took  place,  but  the 

*  Vol.  I.  p.  389.  Jfy.  150. 
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surface  of  the  plate  finished  by  becoming  slightly  unpolished. 
Nitrogen  conducted  itaelf  like  hydrogen;  when  it  was  per- 
fectly  pure,  there  was  no  trace  of  oxidation:  but,  as  soon  as 
it  was  mixed  with  a  little  oxygen,  then  the  plate,  when  it 
was  positive,  began  to  oxidise.  For  the  steel  needle  were 
sub8tituted  wires  of  copper,  silver,  and  platinum,  wîthout  the 
phenomena  being  sensibly  modified*  On  substituting  for  the 
silver  plate,  plates  of  bismuth,  lead,  tin,  zinc,  and  iron, 
similar  effecta  were  obtained,  exçept  as  concerna  intensity. 
Platinum  alone  experienced  no  effect 

In  order  better  to  study  the  formation  of  the  spots,  Mr. 
Grove,  after  a  few  trials,  operated,  as  in  the  preceding  ex- 
périmenta, with  a  rarefied  atmosphère,  formed  of  a  mixture 
of  one  volume  of  oxygen  and  four  of  hydrogen.  The  plate 
was  rendered  positive,  and  the  lower  extremity  of  the  steel 
needle  was  brought  to  distances  from  the  plate,  successively 
equal  to  3^  in.  -^  in.  -fa  in.  1Iy  in.  ;  and  thus  were  obtained 
successively  the  appearances  a,  6,  c,  d>  and  e,  oîjig.  255» 

©     ®    ®    <à    é> 


s 


®      Q       •       © 

Fig.  255. 

The  colour  of  the  central  spot  was  greenish  yellow  in  the 
centre  and  greenish  blue  on  the  edges  ;  then  came  a  ring  of 
silver,  not  oxidised  ;  then  a  circular  crimson-red  ring,  tending 
toward  orange  on  its  inner  border,  and  towards  deep  purple 
on  its  outer  border.  Sometimes  in  the  middle  of  the  central 
spot,  a  small  circular  space  was  seen,  where  the  silver  ap- 
peared  perfectly  bright  (Jig.  255.  appearances/  and  g)y  and 
which  was  produced,  when  the  plate  was  négative  ;  this  small 
space  was  surrounded  by  a  dark  and  badly  defined  auréola. 
The  spots  h  and  i  are  derived,  the  first  from  the  discharge 
transmitted  by  a  platinum  wire,  enclosed  in  a  glass  tube, 
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after  the  manner  of  Wollaston,  described  above  ;  the  second, 
firom  the  discbarge  transniitted  by  a  steel  needle  ;  tbe  silver 
plate  was  positive;  the  distances,  traversed  by  the  dis- 
charges, were  T*T  in.;  the  receiver  contained  a  mixture  of 
one  volume  of  oxygen  and  fiveof  hydrogen,  under  a  pressure 
of -471  in.  Finally,  the  appearance  k,  is  the  resuit  of  an 
experiment  in  which  a  copper  wire  JT  in.  in  diameter  had 
been  fixed  with  wax  in  a  horizontal  position  at  yïï  in.  above 
the  silver  plate;  the  extremity  of  the  platinum  wire  was 
itself  -j2^  in.  above  the  copper  wire.  It  is  seen  that  the 
interposition  of  the  copper  wire  has  divided  the  spot  into  two 
equal  portions,  separated  by  an  interval,  that  remained 
clear. 

The  phenomena  described  by  Mr.  Grove  are  analogous 
in  part  to  those,  which  I  had  observed  on  operating  in  the 
same  manner,  but  by  means  of  a  pile  of  high  tension  *  ;  only 
they  are  more  numerous  and  more  varied  ;  however,  I  had 
remarked  the  formation  of  the  circular  blue  spot,  even  upon 
a  plate  of  platinum  in  rarefied  air,  and  its  non-appearance 
in  an  atmosphère  of  hydrogen.  Ail  thèse  effects  appear  to  me 
to  arise  essentially  from  the  high  température,  which  the  points 
of  the  métal  conductors  suffer,  from  which  the  positive  eleo 
tricity  cornes  out,  joined  to  the  greater  oxidising  property 
which  the  passage  of  the  discharge  developes  in  oxygen,  and 
the  study  of  which  forms  the  subject  of  the  following  para- 
graphe With  regard  to  the  effects  of  réduction  by  hydrogen, 
they  are  also  easy  of  compréhension  ;  what  is  least  so  is  to 
discover  why  in  an  atmosphère  of  hydrogen  and  oxygen, 
in  which  this  latter  gas  is  in  a  small  proportion,  the  plate 
oxidises,  only  so  long  as  it  is  positive,  and  not  when  it  is 
négative.  When  oxygen  is  more  abundant,  it  oxidises  as 
well  as  in  atmospheric  air.  Is  it  that,  under  the  influence 
of  discharges,  the  oxygen  and  hydrogen  acquired,  by  the 
effect  of  a  peculiar  polarisation,  a  tendency  to  betake  them- 
selves,  one  to  the  positive  électrode,  the  other  to  the  négative  ? 
Mr.  Grove  would  be  disposed  to  admit  this  opinion,   and 
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to  recognise  consequently  in  gases  a  species  of  electro-chemical 
polarity.  I  présume  rather  that  the  différence  of  tempéra- 
ture, that  is  manifested  between  the  two  électrodes,  joined 
to  the  property,  that  is  acquired  by  oxygen,  may  explain 
thèse  oxidations  and  réductions,  that  we  so  frequently  see  in 
cliemistry  to  succeed  each  other  easily,  by  the  effect  of  the 
slightest  variation  of  température. 

Mr.  Grove  has  made  one  other  important  observation; 
it  is  that,  when  the  expérimenta,  which  he  has  described, 
are  made  in  certain  vapours,  such  as  those  of  phosphorus 
and  others,  the  electric  light  is  seen  to  be  striped  with 
transverse  dark  bands;  only  care  must  be  taken  to  place 
the  needle  at  about  an  inch  from  the  plate.  This  pheno- 
menon  is  altogether  identical  with  that,  which  has  been 
studied  by  M.  Quet,  and  of  which  we  hâve  spoken  in  the 
preceding  Chapter.*  Up  to  what  point  is  it  connected  with  a 
chemical  effect,  exercised  upon  the  atmosphère  of  vapours  by 
the  discharge,  either  indirectly  by  heat,  or  directly  by  elec- 
trolysis  ?  This  is  impossible  to  say,  in  the  présent  state  of 
the  science.  What  is  very  remarkable  is  this  coïncidence 
between  the  formation  of  rings  alternately  brilliant  and  dark, 
upon  the  surface  of  the  électrodes,  and  the  appearance  in 
the  atmosphère  of  vapours,  of  bands,  in  like  manner,  alter- 
nately luminous  and  obscure  ;  which  would  seem  to  indicate, 
equally  in  both  cases,  a  kind  of  effect  of  interférence,  and 
consequently  a  connection  between  the  two  sorts  of  pheno- 
mena. 

We  shall  not  terminate  this  paragraph,  without  saying  a 
few  words  on  a  mixed  phenomenon,  which  is  due  at  once 
to  the  chemical  and  to  the  calorific  effects  of  dynamic 
electricity  ;  I  refer  to  the  incandescence  of  wires  that  serve  a& 
électrodes,  in  liquids  and  in  elastic  fluids.  Hare  was  the  first 
to  observe  it  in  a  very  striking  manner,  by  planging  into  a 
solution  of  chloride  of  calcium,  an  iron  wire  as  a  négative 
électrode,  and  a  finer  platinum  wire  as  a  positive  électrode  ; 
the  latter  melted  into  globules  ;  on  changing  the  places  of  the 
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wires,  the  phenomenon  did  not  occur.     Mackrell  obtained 

effects  of  the  same  kind  with   wires  of  différent  natures 

plunged  into  diluted  snlphuric  acid.     He  succeeded  in  raising 

to  a  red  heat  in  the  liquid,  iron  and  copper  wires  two  inches 

in  length  ;  the  effect  depended  upon  the  position  of  the  wire 

in  respect  to  the  positive  or  négative  pôle,  and  on  the  fact, 

tliat  one  of  the  two  was  immersed  first  or  second.     When  the 

two  électrodes  were  formed  of  plates  of  platinum,  the  positive 

électrode  was  greatly  heated  and  presented  from  time  to  time 

along  its  section  a  bluish  light  ;  when  the  négative  électrode 

was  placed  last  in  contact  with  the  liquid,  it  gave  no  light, 

but  prodnced  small  explosions. 

Grove  made  some  interesting  experiments  upon  this  subject 
with  an  enormous  battery  of  500  pairs,  which  Mr.  Gassiot  had 
had  constructed.   A  platinum  plate,  forming  the  positive  élec- 
trode of  the  battery,  was  plunged  into  a  cup  of  distilled  water, 
the  température  of  which  had  been  raised.     The  négative 
électrode,  formed  of  a  platinum  wire,  was  brought  near,  so  as 
to  touch  the  surface  of  the  water  for  an  instant,  and  was 
immediately  drawn  back  to  a  distance  of  about  }  in.  as  soon 
as  the  discharge  had  taken  place  ;  the  extremity  of  the  wire 
entered  into  fusion,  and  the  melted  platinum  remained,  as  it 
were,  suspended  in  the  middle  of  the  surrounding  air,  giving 
off  an  intense  light,  throwing  out  sparks  in  directions  contrary 
to  that  of  the  water,  and  was  not  detached  from  the  wire, 
until  it  was  shaken  off.     The  water  in  a  state  of  vapour  was 
decomposed,  for  the  positive  électrode  liberated  gases  ;  and 
the  molecular  action  exercised  upon  the  négative  platinum 
altogether  resembled  the  currents,  that  are  observed  upon  the 
surface  of  mercury,  when  it  is  rendered  négative  in  an  electro- 
.  lyte.    However,  as  the  gases  produced  were  not  collected,  it 
is  impossible  to  décide  whether  the  décomposition  is  a  véri- 
table electrolysis  or  simply  an  effect  of  the  high  température 
of  the  platinum  ;  which  latter  appears  the  more  probable. 

M.  Quet,  on  his  part,  has  succeeded,  by  means  of  a  pile  of 
forty  large  Bunsen's  pairs,  in  obtaining  a  vivid  light  upon 
platinum  électrodes,  by  decomposing  water,  either  acidulated, 
or  holding  potash  in  solution.     The  platinum  wire  is  not  in- 
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candescent,  but  surrounded  as  it  were  with  a  sheath  of  ligbt, 
which  seems  to  separate  it  from  tbe  neighbouring  water. 
In  dilated  sulphuric  acid,  tbe  ligbt  of  tbe  négative  électrode 
is  violet  and  tbat  of  tbe  positive  is  red  ;  in  solution  of  potash, 
tbat  of  the  négative  électrode  has  a  beautifol  rose  tint 
Wben  the  luminous  pbenomenon  is  produced,  the  décomposi- 
tion of  the  water,  which  was  very  vivid,  is  much  reduced  ;  it  is 
revived,  as  soon  as  the  illumination  ceases.  The  négative  élec- 
trode is  in  gênerai  the  one,  that  is  the  more  easily  illuminated. 
With  a  comparatively  feeble  pile,  we  obtain,  by  cautiously 
bringing  near  to  the  surface  of  the  liquid,  in  which  the  positive 
électrode  is  plunged,  the  extreinity  of  a  platinum  rod  serving 
as  the  négative  électrode,  a  violet  light  around  this  estremity 
with  a  slight  noise  of  crépitation  ;  it  is  essential  that  the  rod 
shall  merely  touch  the  liquid,  or  shall  dip  into  it  only  ^  of 
an  inch. 

Latterly,  again,  M.  Van  der  Willigen,  in  operating  with 
dilated  and  concentrated  sulphuric  acid,  or  with  solutions 
of  chloride  of  sodium,  sulphate  of  potasb,  &c,  has  remarked 
the  influence  that  may  be  exercised  on  the  calorific  or 
luminous  effect,  manifested  by  one  of  the  électrodes,  by  the 
fact  that  it  is  plunged  first  or  last;  he  was  able  to  satisfy 
himself  that  thèse  very  complex  phenomena,  in  which  wires 
sometimes  became  incandescent,  sometimes  are  simply  sur- 
rounded  by  a  luminous  auréola,  are  due  to  its  happening 
that,  in  certain  cases,  they  are  not  in  contact  with  the  liquid, 
or  account  of  their  elevated  température,  which  gives  to  the 
surrounding  liquid  the  spheroidal  state.  In  other  cases,  the 
products  of  décomposition  themselves  suffer  an  incandescence 
or  a  combustion,  which  imparts  to  the  light  a  particular  tint. 
Finally,  the  heat  itself  combines  with  the  electrolysing  action, 
in  order  to  décompose  the  liquid  conductor,  what  may  itself, 
as  well  as  a  solid  conductor,  form  the  électrode  of  a  voltaic 
arc.  Moreover,  ail  thèse  effects  would  hâve  need  of  being 
analysed  with  much  more  care  than  has  been  devoted  to  them, 
in  order  that  we  may  be  enabled  fairly  to  distinguish  the  part 
of  the  influence,  which  is  due  to  the  chemical  action  of  the 
current,   from   that  which  is  exercised  by  the  heat  itself, 
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that  is  developed  by  the  cnrrent,  whether  in  «producing  the 
arc  or  in  heating  wires;  it  would  appear  very  probable 
that  we  shonld  not  find  in  it  any  peculiarity,  that  was  not 
the  conséquence,  easy  to  be  anticipated,  of  the  phenomena, 
that  we  hâve  described,  either  in  this  or  in  the  preceding 
Chapter. 

Production  and  Properties  of  Ozone% 

Before  terminating  the  study  of  the  chemical  effects  of 
dynamic  electricity,  it  is  necessary  to  dévote  a  few  moments 
to  the  examination  of  one  of  the  raost  remarkable  ;  I  refer  to 
the  odour,  half  sulphurous,  half  phosphoric,  which  accompanies 
the  libération  of  electricity  in  the  air,  by  ordinary  electrical 
machines,  and  which  is  found  at  the  positive  électrode,  when 
water  is  decomposed,  by  means  of  a  powerful  electric  current 
It  is  to  M*  Schœnbein  that  we  are  indebted,  by  his  profound 
studies  upon  this  particular  point,  which  had  escaped  the  atten- 
tion of  physicists,  for  having  put  them  in  the  way,  which 
has  led  them  to  discover  the  nature  itself  of  this  phenomenon. 

Priestley,  Cavendish,  and  Van  Marum  had  plainly  re- 
marked  that  gases  undergo  considérable  modifications,  con- 
séquent on  the  passage  of  electric  sparks,  and,  in  particular, 
they  had  pointed  out,  as  we  hâve  said,  the  formation  of  nitric 
acid,  when  the  gas  was  a  mixture  of  oxygen  and  nitrogen, 
such  as  is  presented  by  the  atmospheric  air.  Van  Marum, 
however,  by  causing  a  succession  of  electric  sparks  to  pass 
in  a  tube  full  of  oxygen,  5£  haches  in  length,  between  a  métal 
conductor,  situated  at  the  top  of  the  tube,  and  a  mercury 
bath,  situated  at  the  lower  part,  had  remarked  that  the 
gas  had  acquired  a  very  powerful  odour,  which  he  stated 
was  that  of  the  electrical  machine.  Moreover,  on  operating 
with  a  narrow  and  shorter  tube,  he  remarked,  that  the 
mercury  was  powerfully  oxidised  at  its  surface,  and  that 
the  volume  of  oxygen  had  diminished  ;  but  thèse  effects 
might  be  attributed  to  the  formation  of  nitric  acid,  seeing 
that  nothing  proved  that  the  oxygen  was  very  pure  and  that 
it  contained  no  nitrogen. 

M.  Schœnbein,  sixty  years  subsequently,  being  desirous 
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of  explaining  the  cause  of  the  odour,  that  accompanies  the 

voltaic   décomposition   of  water,  observed   that  this   odour 

is  manifested  at  the  positive  électrode,  only  so  long  as  this 

électrode  was  not  oxidisable,  namely,  when  it  was  platinum 

or  gold.     He  proved  that  the  odour  still  existe,  when  the 

mixed  gases  are  collected;  and   that  it  may  be  preserved 

as  long  as  we  please,  when  the  oxygen,  or  the  mixture  of 

oxygen  and  hydrogen,  that  possesses  it,  is  enclosed  in  well- 

stoppered  bottles.     Ail  electrolytes  are  not  equally  adapted 

to   developing  the  odorous   principle;    distilled  water  and 

solutions  of  acids  or  of  oxygenated  salts  liberate  it  easily  ; 

but  it  is  not  the  same  with  concentrated  nitric  acid,  and  with 

solutions  of  chlorides,  bromides,  iodides,  nor  with  that  of  the 

sulphate  of  protoxide  of  iron.     In  order  to  cause  the  odour 

to  disappear,  we  hâve  merely  to  throw  into  the  flask,  in 

which  the  gas  impregnated  with  it  is  contained,  afew  pinches 

of  powdered  charcoal,  filings  of  iron,  zinc,  tin,  lead,  or  arsenic, 

as  well  as  of  bismuth  or  antimony  in  powder,  or  even  a  few 

drops  of  mercury.     The  same  effect  is  produced  by  small 

quantities  of  aqueous  solutions  of  the  chlorides  of  iron  or  tin, 

of  sulphate  of  protoxide  of  iron,  or  of  a  few  drops  of  nitrous 

acid.      Mère   élévation  of   température   produce  the   same 

effect;    and    so    the    odour    is    not  developed    when   the 

electrolytic  liquid  is  heated,  even  when,  as  I  hâve  observed, 

it   is   the   current,  by  which  the  décomposition  is  brought 

about,  that  heats  it.     I  hâve  also  remarked,  that  although 

generally  a  powerful  pile  is  necessary  in  order  that  the  odour, 

attending   on  electrolysis,  may   be   manifested,   it  may  be 

obtained  with  a  very  feeble  current,  on  the  précaution  being 

observed  of  taking  for  the  positive  électrode,  in  acidulated 

water,  a  platinum  wire  inserted  in  a  glass  tube,  according  to 

Wollaston's  method  {Jig.  239.,  p.  413). 

An  important  property  of  the  gas,  inpregnated  with  the 
odour,  and  which  it  ceases  to  possess,  as  soon  as  this  odour  is 
removed  from  it,  is  the  faculty  it  possesses,  of  polarising 
negatively  wires  or  plates  of  platinum  or  gold,  that  are  placed 
in  it,  namely,  of  impressing  upon  them,  on  being  plunged 
into  conducting  water  with  a  similar  wire  or  plate,  but  which 
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xas  not  been  in  contact  with  the  odorous  principle,  the 
jroperty  of  developing  an  electric  current,  of  which  they  are 
:he  négative  élément 

Schœnbein  has  observed  that  the  same  property  might  be 
given  to  platinum  and  to  gold,  by  receiving  on  very  clean 
plates   of  one  or  other  of  thèse  two  metals,  the  electricity 
emanating  from  the  blunt  extremity  of  a  wire,  in  communi- 
cation  with  the  conductors  of  an   electrical  machine,  and 
placed  at  a  distance  of  about  an  inch  from  the  plates.     It 
is   of  little  conséquence  whether  it  is  one  or  other  of  the 
electricities,  that  cornes  out  from  the  conductor;  the  effect 
upon  the  plate  is  the  same,  but  the  phenomenon  is  not  mani- 
fested,  if,  fhe  métal  being  in  direct  communication  with  the 
conductor,  the  electricity  cornes  out  from  the  plate,  instead 
of  being  received  by  it     Platinum   and  gold  immediately 
lose  their  polarity  under  the  action  of  beat,  or  if  they  are 
plunged  for  a  few  moments  in  an  atmosphère  of  hydrogen  ; 
only,  in  this  latter  case,  thèse  metals  may  acquire  an  opposite 
polarity,  when  they  are  left  too  long  in  the  hydrogen. 

The  odour  always  attends  the  polarisation  of  the  metals  : 

thus,  no  odour  nor  polarisation  is  observed  when  the  points, 

from  which  the  electricity  cornes  out,  are  heated  or  are  sur- 

rounded  by  a  layer  of  water  ;  it  is  sufficient  even  to  envelope 

the  métal  point  with  a  little  pièce  of  cloth,  moistened  with  dis- 

tilled  water,  in  order  to  prevent  the  production  of  the  odour. 

Thèse  first  observations  already  establish  a  great  analogy 

between  the  odorous  principle,  developed  in  the  electrolysis  of 

water,  and  that  which  is  produced  by  the  electricity  of  ordinary 

machines  ;  it  also  appears  probable  that  it  is  identical  with 

that  which  is  manifested  in  clouds,  and  particularly  in  the 

neighbourhood  where  a  lightning  flash  had  occurred.    It  is, 

moreover,  évident  that  it  is  gaseous,  and  that  it  is  a  product 

of  the  action  of  electricity  upon  the  ambient  médium,  which 

can  be  only  oxygen,  nitrogen,  or  the  vapour  of  water  ;  with  M. 

Schœnbein,  we  will  call  it  ozone,  without  anticipating  for  the 

moment  anything  as  to  its  chemical  nature,  simply  on  account 

of  the  peculiar  and  very  decided  odour,  that  it  possesses. 

Led  by  analogies  deduced  from  the  odour,  M.  Schœnbein 
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discovered  a  chemîcal  method  of  preparing  ozone.  This 
method  consisted  in  placing  a  pièce  of  phosphorus  in  a  vessel, 
filled  with  common  air.  If  the  température  is  sufficiently 
elevated  for  the  phosphorus  to  become  luminous,  the  air  of 
the  flask  soon  acquires  an  odour  of  ozone,  very  distinct  from 
that  of  phosphorus,  or  rather  from  the  phosphoric  acid,  that  is 
liberated  at  the  commencement  This  air  présents  the  same 
phenomena  as  if  it  had  been  submitted  to  the  action  of 
electricity,  namely,  that  the  platinum  and  gold  plates  are 
polarised  negatively,  and  that  it  loses  its  properties,  when 
filings  of  iron  or  of  another  oxidisable  métal,  are  agitated 
in  it  Phosphorus,  in  pure  and  very  dry  oxygen,  in  which 
it  does  not  become  luminous,  does  not  produce  ozone  ;  it  is 
necessary,  for  this  production,  that  it  be  phosphorescent; 
and,  for  this  purpose,  that  it  be  placed  in  a  mixture  of  oxygen 
and  nitrogen,  and  at  a  température  which  is  not  too  low. 

Independently  of  thèse  fundamental  properties,  ozone, 
whatever  be  the  manner  in  which  it  is  prepared,  possesses 
a  great  number  of  others,  of  which  the  following  are  the 
principal.  It  acts  upon  vegetable  colours,  like  chlorine; 
namely,  it  destroys  and  bleaches  coloured  papers,  that  are 
plunged  into  gases  that  contain  it  And  this  takes  place 
equally  whether  the  ozone  has  a  chemical  ojr  an  electric 
origin  ;  and  whether  this  electric  origin  arises  from  electro- 
lysis,  from  the  action  of  the  electrical  machine,  or  from 
atmospherîc  electricity.  It  is  the  same  with  ail  the  chemical 
effects  of  ozone,  and  in  particular  with  one  of  the  most  re- 
markable,  namely,  with  the  action  that  it  exercises  over 
iodide  of  potassium,  which  absorbs  it,  liberating  iodine,  which 
is  rendered  sensible  by  the  change  of  colour.  In  effect,  if 
starch  paste  is  mixed  with  a  small  quantity  of  a  solution  of 
iodide  of  potassium,  and  a  slip  of  paper  is  plunged  into  it,  a 
test  is  obtained  for  ozone,  which  greatly  surpasses  in  delicacy 
the  best  galvanometer,  or  the  most  délicate  sensé  of  smell. 
A  quantity  of  ozone,  too  feeble  for  polarising  a  métal  in  a 
sensible  manner,  or  for  being  detected  by  the  smell,  is  yet 
sufficient  to  make  the  test-paper  blue  in  a  decided  manner. 

We  cannotfollow  M.  Schœnbein  in  the  detailed  study,  that 
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he  bas  made  of  the  various  chemical  reactions  of  ozone,  both 
upon  inorganic  substances,  as  well  as  upon  organic  com- 
pounds.  Without  enterîng  into  furtber  détails,  we  may  merely 
say  that  ozone,  in  a  gênerai  manner,  always  comporta  itself, 
and  more  particularly  in  respect  to  compound  gases  and  to 
simple  bodies,  absolntely  like  chlorine  or  bromine. 

Iodide  of  potassium  enables  us  to  discover  the  most  feeble 
traces  of  ozone  in  the  atmospheric  air.  We  hâve  merely  to 
suspend  in  the  open  air  little  slips  of  filtering  paper  moistened 
with  a  mixture  of  the  iodide  and  starch,  and  commonly,  at  the 
end  of  a  few  minutes,  they  are  seen  to  become  blue,  whilst  they 
are  not  at  ail  coloured  in  vessels  hermetically  sealed  and  filled 
with  air.  Ozone  is  also  found  in  the  water  of  a  storm  ;  for 
this  water  imports  itself  exactly  like  diatilled  water,  in  which 
ozone  lias  been  dissolved.  It  is  simply  necessary,  in  thèse  two 
cases,  in  order  to  liberate  the  ozone,  to  pour  a  little  sulphuric 
acid  into  the  water  ;  it  immediately  colours  blue  the  paste  of 
iodine  and  starch.  It  would  appear  that  ozone  forms  with  pure 
water  a  compound,  which  is  destroyed  by  the  présence  of 
sulphuric  acid.  We  can  exactly  communicate  ail  the  proper- 
ties  of  the  water  of  a  storm  to  distilled  water,  placed  in  a  cup 
and  put  into  communication  with  the  ground,  whilst  it  is  ex- 
posed  to  the  action  of  an  energetic  electric  brush,  and  which 
diffuses  a  powerful  odour.  It  is  necessary  that  this  exposure 
should  endure  for  at  least  half  an  hour,  in  order  that  the 
water  may  be  sufficiently  ozonised. 

Without  dwelling  upon  the  divers  hypothèses,  that  hâve  been 
advanced  upon  the  nature  of  ozone,  we  shall  pass  on  at  once  to 
the  experiments  of  M.  Marignac,  which  hâve  been  tlîe  first  to 
solve  the  question  in  a  peremptory  manner.  This  learned 
chemist  has  first  demonstrated  that  the  présence  of  nitrogen  was 
not,  as  M.  Schœnbein  had  at  first  thought,  indispensable  to  the 
production  of  ozone.  In  effect,  on  decomposing  water,  aci- 
dulated  with  sulphuric  acid,  in  an  apparatus  accurately  pre- 
serving  vacuum,  and  into  which  no  trace  of  air  could  enter, 
after  the  experiment  had  gone  on  for  several  days,  and  the 
fourth  part  of  the  water  had  been  decomposed,  the  odour  of 
ozone  was  the  same  as  at  the  first  instant  ;  it  was  merely  ne- 
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cessary  to  take  the  précaution  of  retaining  the  fiask,  in  which 
the  décomposition  takes  place,  at  a  low  température.*  Further- 
more,  M.  Marignac  has  found  that  the  most  convenient  method 
of  obtaining  ozone  consiste  in  directing  a  current  of  air,  by 
means  of  a  gasometer,  through  a  tube,  about  a  yard  long  and 
a  quarter  of  an  inch  in  diameter,  containing  in  its  length  a 
séries  of  sticks  of  phosphorus.  He  has  proved,  by  means  of 
this  apparatus,  that  neither  pure  oxygen  nor  nitrogen  produces 
ozone  ;  but  that  oxygen  mixed,  not  only  with  nitrogen,  but 
even  with  carbonic  acid  and  with  hydrogen,  developes  it 
Perfectly  dry  atmospheric  air  does  not  liberate  any  ;  the 
phosphorus,  in  this  case,  is  covered  with  a  white  crust,  and 
does  not  become  phosphorescent  ;  now,  its  phosphorescence  is 
a  condition  necessary,  in  order  to  there  being  a  production  of 
ozone. 

M.  Marignac,  on  submitting  ozone  to  différent  tests,  re- 
marked,  first,  that  it  is  destroyed  in  passing  through  a  tube 
heated  to  600°  or  700°  ;  thatit  undergoes  no  altération  on  the 
part  of  water,  concentrated  sulphuric  acid,  ammonia,  and 
bary ta  water  ;  but  it  is  absorbed  with  the  greatest  facility  by 
dissolved  iodide  of  potassium  ;  the  liquor  becomes  yellow  ; 
a  portion  of  iodine  is  set  at  liberty,  and  drawn  on  by  the 
current  of  air.  When  ail  the  iodide  is  decomposed,  the  odour 
of  ozone  appears,  and  the  liquor  again  becomes  colourless,  and 
contains  nothing  besides  iodate  of  potassium,  mixed  with  a 
little  carbonate.  Metals,  in  like  manner,  absorb  ozone  ;  thus 
on  making  ozonised  air  pass  through  a  small  tube  4  or  5  in. 
in  length,  filled  with  pure  and  porous  silver,  it  is  found  that 
this  air  completely  loses  its  odour  and  its  properties,  and  that 

*  M.  Soret  more  recently  has  found  that  the  quantity  of  ozone  obtained  by 
the  electrolisation  of  acidulated  water,  increased  in  a  very  great  proportion 
with  the  réduction  of  température.  Thus,  on  surrounding  the  voltameter  with 
a  frigorifie  mixture  of  ice  and  sea-salt,  and,  still  better,  chloride  of  sodium,  the 
gas  that  escaped  from  it  was  so  much  ozonised,  that  it  attacked  and  rapidly 
pierced  the  caoutchouc  tubes,  which  connected  the  drying  tubes,  that  it  had  to 
traverse.  On  dosing  the  ozone  by  means  of  a  known  solution  of  arsenious 
acid,  which,  like  chlorine,  possesses  the  property  of  transforming  it  into  arsenic 
acid,  M.  Soret  has  found  a  proportion  of  ozone  risiug  to  nearly  0*005  of  the 
volume  of  oxygen,  by  cooling  the  voltameter  sufficiently  for  the  température 
to  bc  still  19 '4  at  the  end  of  the  experiment;  this  saine  proportion  was  at 
most  0003,  when  the  voltameter  was  not  coolcd. 
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the  silver  is  transformée!  into  a  matter,  which  has  ail  the 
characteristics  of  oxide  of  silver  ;  but  the  présence  of  moisture 
is  indispensable.  If  the  ozonised  air  is  completely  dried, 
by  its  passage  through  several  tubes,  filled  with  pumice-stone 
impregnated  with  sulphuric  acid,  it  attacks  neither  silver 
nor  copper,  nor  even  zinc,  and  it  no  longer  loses  its  odour. 

Thèse  experiments,  and  others  besides,  no  longer  allow 
us  to  chose  between  two  hypothèses  on  the  nature  of  ozone  ; 
one,  that  it  is  a  new  compound  of  hydrogen  and  oxygen, 
susceptible  of  being  transformed  with  great  facility  into 
oxygen  and  water,  and  capable  of  giving  off  its  oxygen  to  a 
great  number  of  bodies  ;  the  other,  that  it  is  only  a  peculiar 
modification  of  oxygen,  in  conséquence  of  which  this  gas 
acquires,  with  a  peculiar  odour,  the  property  of  combining 
with  bodies,  upon  which  it  is  without  action  in  its  ordinary 
state.  This  last  hypothesis  is  the  one  that  M.  Marignac 
and  I  were  led  to  admit,  as  the  resuit  of  experiments,  in 
which  we  endeavoured  to  expose  to  electric  discharges  various 
gases,  that  we  caused  to  arrive  successively  in  a  glass  tube 
6  in.  in  length,  and  •£-  in.  in  diameter,  communicating  on  one 
side  with  the  apparatus,  intended  to  produce  the  current 
of  gas,  that  we  were  désirons  of  stndying,  and  on  the  other 
with  a  flask,  in  which  we  might  examine  the  properties 
which  thèse  gases  had  acquired.  Two  platinum  wires 
penetrated  by  the  extremities  of  the  glass  tube,  and  ter- 
minated  in  its  interior  at  nearly  half  an  inch  from  each  other. 
One  of  thèse  wires  was  placed  in  communication  with  the 
ground,  the  other  with  the  conductor  of  the  machine  ;  it  was 
a  matter  of  indifférence  whether  the  charge  was  made  by  a 
succession  of  sparks,  or  by  a  continuous  and  invisible  current. 
The  formation  of  ozone  was  easily  detected,  by  means  of  its 
odour,  and  its  action  on  paper  impregnated  with  starch  mixed 
with  iodide  of  potassium.  Now,  the  experiment  made  with 
ordinary  air,  .perfectly  dried,  gave  a  development  of  ozone,  as 
great  as  when  the  air  was  moist  ;  ozone  was  in  like  manner 
developed  with  the  greatest  facility  in  oxygen  perfectly  pure 
and  dry  ;  such  as  is  extracted  from  chlorate  of  potash  purified 
and  previously  melted.    No  ozone  was  formed  in  pure  carbonic 
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acid  gas,  whether  dry  or  moist,  but  some  was  produced, 
as  soon  as  a  very  small  quantity  of  air  or  of  oxygen  was 
mized  with  the  carbonic  aci<L 

M.  Schœnbein,  as  the  resuit  of  fresh  researches,  has  him- 
self  corne  to  adopt  the  opinion,  to  which  M*  Marignac  and  I 
had  been  led,  that  ozone  is  only  a  modification  of  oxygen,  by 
which  its  chemical  affinities  are  exalted  ;  for  renouncing  the 
opinion  that  it  is  a  peroxide  of  hydrogen,  he  dwelt  especially 
upon  the  fact  that  a  mass  of  ozonised  air,  on  trayersing  a 
tube  heated  to  near  600°,  is  de-ozonised,  without  production 
of  water.  He  also  demonstrated  that,  treated  by  an  alkali, 
ozonised  air  always  produces  a  nitrate,  on  account  of  the 
facility  that  oxygen,  in  the  state  of  ozone,  possesses  of  corn- 
bining  with  nitrogen. 

MM.  Frémy  and  E.  Becquerel  hâve  also,  as  the  resuit 
of  long  and  rigorous  researches,  succeeded  in  demonstrating 
that  ozone  is  an  allotropie  modification  of  oxygen,  due  to 
electricity.  In  order  to  obtain  ozone,  they  hâve  employed  suc- 
cessively  the  décomposition  of  water  by  electric  curreuts; 
the  action  upon  air  and  upon  oxygen  of  sparks,  obtained  by 
the  breaking  of  a  voltaic  circuit  ;  of  those  produced  by  an 
induction  apparatus;  and,  finally,  of  those,  drawn  firom 
ordinary  electrical  machines.  The  first  method  produced 
too  little  ozone.  Voltaic  sparks  are  accompanied  by  a  libération 
of  heat,  which  destroys  the  ozone,  in  proportion  as  it  is  pro- 
duced ;  it  is  the  same,  although  in  a  less  degree,  with  the 
induction  sparks  ;  they  were,  therefore,compelledtorenounce 
thèse  methods  of  obtaining  ozone,  in  order  to  recur  to  the 
action  of  the  sparks  of  ordinary  machines.  Both  philosophera 
recognised  that  oxygen,  whatever  be  the  source,  whence  it 
is  derived,  is  susceptible  of  being  ozonised  ;  and  that  oxygen, 
which  has  been  de-ozonised,  by  traversing  iodideof  potassium, 
may  again  be  ozonised.  But  the  most  important,  among  the 
points,  which  they  hâve  established,  is  that  a  given  quantity 
of  oxygen  may  be  entirely  converted  into  ozone  ;  and  that  if, 
in  the  previous  experiments,  they  had  never  succeeded  in 
ozonising  more  than  a  portion  of  the  gas,  submitted  to  experi 
ment,it  is  that  probably  the  electric  spark,by  its  calorific  action, 
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destroyed  in  great  part  the  effect  of  the  ozonisation,  that  it  had 
produced  upon  the  oxygen.     In  order  to  avoid  this  incon- 
venience,  it  was  necessary  to  absorb  the  ozone,  in  proportion 
as    it  was  formed;  with  this  view  some  pnre  oxygen  was 
ïntroduced  into   a  eudiometric   tube,  itself  placed  upon  a 
solution  of  iodide  of  potassium  ;  the  gas  was  subjected  to  the 
action  of  electric   sparks  passing  between  platinum  wires 
fixed  at  the  top  of  the  tube;  there   were   several  similar 
tubes,  the  diameters  of  which  were  -^  in.,  and  the  length 
nearly  5  in.  ;  the   sparks  were  about  ■§-  in*  in  length.     The 
oxygen  was  absorbed  in  a  regular   manner  by  the  action 
of  the  electric  sparks  ;  after  three  hours  of  electrisation,  the 
liqnid  had  risen  -J  in.  in  the  interior  of  the  tube  ;  the  absorp- 
tion was  in  gênerai  proportional  to  the  time  of  electrisation  ; 
on  continuing  the  experiment  for  a  sufficiently  long  time, 
the  oxygen  might  be  made  to  be  completely  absorbed  by  the 
iodide  of  potassium.     A  very  curious  resuit  was  obtained,  by 
causing  the  same  quantity  of  electricity  to  pass  in  two  tubes 
placed   one  after  the  other,  and  similar  in  every  respect, 
except  that,   by   the  arrangement  of  the   platinum   wires, 
the  sparks  were  an  inch  in  length  in  one,  and  only  \  in.  in 
the  other  ;  after  three  hours  of  electrisation,  the  absorption 
of  oxygen  in  the  former  was  double  what  it  was  in  the  latter, 
which  proves  that,  for  a  like  quantity  of  electricity,  which 
traverses  a  similar  mass  of  gas,  a  long  spark  produces  more 
effect  than  a  shorter  one.*     A  plate  of  silver,  introduced 
into  a  eudiometric  tube  placed  orer  water  and  filled  with 
pure  oxygen,  absorbed   the  electrised   oxygen,  like  iodide 
of  potassium,  but  more  slowly  than  it  ;  and  the  absorption 
took  place  until  the  complète  disappearance  of  ail  the  gas* 
Mercury,  under  the  influence  of  moisture,  has  produced  the 
same  effect,  and  is  in  like  manner  oxidised. 

Amid  the  multiplied  experiments  of  MM.  Frémy  and  E. 
Becquerel,  we  will  in  addition  cite  the  following  ;  in  which, 
having  introduced  pure  oxygen  into  narrow  tubes,  one  con- 

•  Might  it  not  be  possible  that  this  resnlt  is  due  both  to  the  fact  that  the 
long  spark  acts  in  the  same  time  upon  a  great  number  of  particles,  and  that, 
on  the  other  hand,  it  developes  less  heat  than  the  short  one? 
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taining  moist  iodide  of  potassium,  and  the  other  a  small  plate 
of  silver  covered  with  moisture,  they  caused  a  séries  of 
electric  sparks  to  pass  into  the  interior  of  thèse  tubes, 
after  having  closed  them  at  the  lamp,  at  their  two  extre- 
mities.  The  tube  containing  the  moist  silver  was  electrised 
for  four  days,  at  the  rate  of  six  hours  per  day,  [namely, 
for  twenty-four  hours  in  ail;  the  plate  was  covered  with 
oxide  of  silver  ;  and  on  then  breaking  one  of  the  extremities 
of  the  tube  under  water,  an  absorption  was  proved  equal  to 
two-thirds  of  the  volume  of  oxygen,  submitted  to  experiment 
The  absorption  was  total  in  the  second  tube,  containing  the 
iodide  of  potassium  ;  even,  after  eighteen  hours  of  electrisa- 
tion,  the  spark,  which  had  much  brilliancy,  was  scarcely 
visible  ;  a  proof  that  the  vacuum  in  the  tube  was  nearly  com- 
plète ;  after  forty-eight  hours,  the  tube  having  been  broken 
at  one  of  its  extremities  under  water,  the  latter  immediately 
rushed  into  it,  and  totally  filled  it. 

It,  therefore,  appears  now  to  be  well  established,  that  elec- 
tricity, in  acting  upon  oxygen,  impresses  upon  it  properties, 
which  it  did  not  possess  before  being  electrised,  and  which 
are  manifested  by  a  peculiar  odour,  and  by  an  exaltation  in 
its  chemical  activity.  It  is  very  probable  that  the  action  of 
phosphorus  is  also  an  electric  action,  arising  from  a  libération 
of  electricity,  which  must  accompany  the  combination  of  a 
part  of  the  oxygen  with  this  body,  and  which  is  manifested  by 
its  phosphorescence. 

With  regard  to  the  nature  of  the  action,  that  electricity 
exercises  over  oxygen,  in  order  to  ozonise  it,  this  is  still  a 
mystery  ;  it  might  not  be  impossible  that  it  consista  in  in- 
sulating  the  atoms  of  oxygen  from  each  other,  which  in 
the  ordinary  state  might  be  grouped  so  as  to  form 
molécules,  composed  of  a  greater  or  less  number  of  thèse  atoms. 
We  could  conceive  that  thus  insulated,  the  atoms  might 
hâve  a  greater  chemical  activity,  than  when  they  are 
agglomerated.  This  might  be  the  nascent  state.  This  property 
of  oxygen  of  forming  molécules  composed  of  atoms  grouped 
together,  might  very  well  be  reconciled  with  the  magnetic 
virtue    possessed   by   this   gas,   and   which   it   is   alone   in 
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possessing.*  But  it  is  prématuré  to  venture  upon  hypothèses, 
on  which  experiment  alone  can  décide  ;  and  to  which,  more- 
over,  we  shall  be  called  again  to  direct  our  attention  in  the 
sequel. 

We  shall  confine  ourselves  to  pointing  out  two  rocks  upon 

which  physicists  hâve  fallen  and  run  the  risk  of  falling,  who 

bave  been  occupied  with  ozone  ;  one  is,  in  believing  that  they 

see  in  it  a  nitrous  compound,  which  is  due  to  the  difficulty 

there  is  in  excluding  the  présence  of  nitrogen,  which  in  effect 

is   itself  sufficient  to   bring   about   the  formation  of  such 

a  compound;   the  other,  is  in  believing  that  ozone   is  an 

oxide  of  hydrogen  on  account  of  this  water,  which  oxygen, 

although  perfectly   dried,   may  still   deposit   on  being  de- 

ozonised.     M.  Baumert  had  thought  he  might  even  conclude 

from  this  a  différence  between  ozone,  obtained  by  the  electro- 

lysation  of  water,  and  that  which  is  derived  from  the  electro- 

lysation  of  oxygen  by  sparks,  admitting  that  the  latter  is 

indeed  an  allotropie  modification  of  oxygen,  but  that  the 

former  is  an  oxide  of  hydrogen.     However,  it  is  easy  to 

explain  the  présence  of  a  small  quantity  of  moisture  in  the 

oxygen,  that  is  derived  from  the  electrolysation  of  water,  by 

the  facility  with  which  hydrogen  may  mix  with  it,  and  con- 

sequently  form  water,  especially  when  it  is  thought  that  the 

production  in  question  is  of  merely  0*07  grs.  of  water,  in 

opérations  that  hâve  continued  without  interruption,  one,  six, 

the  other,  eight  days. 

We  must  not  dwell  upon  the  conséquences  that  resuit 
from  the  production  and  the  properties  of  ozone  in  the  electro- 
chemical  décomposition  of  substances,  of  which  oxygen  is  one 
of  the  éléments.  We  shall  point  out  one  alone,  which  is 
perhaps  the  most  important,  namely,  the  formation  of  oxy- 
genated  water,  in  the  electrolysis  of  acidulated  water,  and, 
consequently,  of  the  inaccuracy  that  results  from  it  in  the 
indications  of  chemical  voltameters.  M.  Meidinger  haa 
studied  the  circumstances  which  facilitate  this  formation  in 
facilitating  that  of  ozone  ;  it  is  first  the  degree  of  concentra- 

*  Vol.  I.  p.  468.  and  following. 
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tion  of  the  acidulated  water  ;  with  sulphuric  acid  of  the 
density  1*4,  he  obtained  in  6  minutes  245  measures  of  hy- 
drogen  for  87  of  oxygen;  whilst  with  acid  of  only  1*07  of 
density  he  obtained  in  19  minutes  the  required  proportions 
of  244  hydrogen,  and  122  oxygen.  Then  there  is  the  form 
of  the  positive  électrode  ;  on  taking  for  this  électrode  a  wire, 
instead  of  a  plate  of  platinum,  he  obtained  only  40  measures 
oxygen  for  253  of  hydrogen*  Then  there  is  finally  the  force 
of  the  current  and  the  réduction  of  température  ;  two  circum- 
stances  that  very  notably  diminish  the  proportion  of  oxygen  in 
relation  to  that  of  hydrogen.  This  greater  or  less  diminution 
in  the  required  quantity  of  oxygen  is  accompanied  byan 
odour  of  ozone,  which  indicates  the  production  of  this  body  ; 
but  it  is  easy  to  prove,  on  examining  the  liquid,  that  the 
greater  part  of  the  liberated  ozone  has  been  employed  to 
form  the  bioxide  of  hydrogen,  which  is  found  in  the  state  of 
solution  in  the  electrolytic  liquid.  The  présence  of  this  bi- 
oxide renders  this  liquid  very  unfitted  for  using  in  volta- 
metric  experiments;  for  it  then  gives  a  less  proportion  of 
hydrogen,  than  that  which  is  liberated  in  another  voltameter, 
charged  with  a  liquid  that  has  not  been  nsed,  and  that  is 
placed  in  the  same  circuit.  It  is  therefore  necessary  to  change 
the  liquid  of  the  voltameter,  when  it  has  been  used  for  a 
certain  time,  or  carefully  to  boil  it,  in  order  to  expel  the  bi- 
oxide of  hydrogen.  In  gênerai,  if  we  désire  that  the  indica- 
tions of  the  voltameter  shall  be  exact,  namely,  that  the  gases 
shall  be  truly  liberated  in  the  rigorous  proportions,  it  is 
necessary,  in  order  to  avoid  the  production  of  ozone,  to 
make  use  of  a  water  rather  feebly  acidulated  (1*1  in  density), 
to  cause  the  hydrogen  to  be  liberated  on  a  wire,  and  the  oxy- 
gen on  a  plate  of  platinum  which  must  not  be  too  small.* 


*  List  of  the  principal  works  relating  to  the  subjects  treated  of  in  this 
Chapter. 

NichoUon  and  Carlisle. — Décomposition  of  water.    Bill  Brit  t.  xv.  p.  11. 

Cruikshanks.  —  Décomposition  of  salts.    Bibl  Brit.  t  xy.  p.  23. 
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